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D s ription 



Th present invention relates to a process for continuously producing an aromatic carbonate. More par- 
ticularly, the present invention is concerned with a process comprising transest rifying a starting material se- 
lected from the group consisting of a dialkyl carbonate represented by 

R 1 OCOR 1 f 

I 

0 

an alky] aryl carbonate represented by 

15 R 2 OCOAr 2 

S 

O 

and a mixture thereof with a reactant selected from the group consisting of an aromatic hydroxy compound 
20 represented by Ar 1 OH, an alkyl aryl carbonate represented by 

R 3 OCOAr 3 

I 

25 0 

and a mixture thereof, to thereby produce an aromatic carbonate or aromatic carbonate mixture corresponding 
to the starting material and the reactant and represented by 

30 

ROCOAr and/or ArOCOAr, 

9 I 
o o 

35 wherein R and Ar are, respectively, selected from R 1 , R 2 and R 3 and selected from Ar 1 , Ar 2 and Ar 3 in corre- 
spondence to the starting material and the reactant, wherein the starting material and the reactant are con- 
tinuously fed to a continuous multi-stage distillation column to effect a transesterif ication reaction therebetw- 
een in the presence of a catalyst in the distillation column, while continuously withdrawing the aromatic car- 
bonate or aromatic carbonate mixture produced as a high boiling point product in a liquid form from a lower 

40 portion of the distillation column and continuously withdrawing a by-product produced as a low boiling point 
product in a gaseous form from an upper portion of the distillation column by distillation, thereby enabling 
the aromatic carbonate or aromatic carbonate mixture to be produced continuously with high efficiency. 



Background Art 



An aromatic carbonate is useful as a raw material for the production of an aromatic polycarbonate (whose 
utility as engineering plastics has been increasing in recent years) without using poisonous phosgene, or as 
a raw material for the production of various isocyanates without using poisonous phosgene. With respect to 
the method for the production of an aromatic carbonate, a method for producing an aromatic carbonate or an 
so aromatic carbonate mixture, is known, in which a dialkyl carbonate, an alkyl aryl carbonate or a mixture thereof 
is used as a starting material and an aromatic hydroxy compound, an alkyl aryl carbonate or a mixture thereof 
is used as a reactant, and in which a transesterif ication reaction is performed between the starting material 
and the reactant. 

How v r, sine this type of transest rif ication is a r v rsible reaction in which, moreov r, not only is the 
55 equilibrium biased toward the original system but th reaction rate is also low, the production of an aromatic 
carbonate by the above-mentioned method on an industrial scale is accompanied with great difficulties. 

Toimprov theabove-m ntioned method, several proposals have been mad , most of which r late to the 
development of a catalyst for increasing th reaction rat . As a catalyst for us in the method for producing 
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an alkyl aryl carbonate, a diary! carbonate or a mixture thereof by r acting a dialkyi carbonate with an aromatic 
hydroxy compound, there have been propos dvari us catalysts, which include for xampl , a Lewis acid, such 
as a transition m tal halide, or compounds capable of forming a Lewis acid, [Japan se Patent Application Laid- 

5 Open Specification No. 51-105032, Japanese Pat nt Application Laid-Open Specification No. 56-123948 and 
Japanese Patent Application Laid-Open Specification No. 56-123949 (corresponding to West German Patent 
Application Laid-Open Specification No. 2528412, British Patent No. 1499530 and U.S. Patent No. 
4,162,726)], a tin compound, such as an organotin alkoxide and an organotin oxide [Japanese Patent Appli- 
cation Laid-Open Specification No. 54-48733 (corresponding to West German Patent Application Laid-Open 

10 Specification No. 2736062), Japanese Patent Application Laid-Open Specification No. 54-63023, Japanese 
Patent Application Laid-Open Specification No. 60-169444 (corresponding to U.S. Patent No. 4,554,110), Jap- 
anese Patent Application Laid-Open Specification No. 60-169445 (corresponding to U.S. Patent No. 
4,552,704), Japanese Patent Application Laid-Open Specification No. 62-277345, and Japanese Patent Ap- 
plication Laid-Open Specification No. 1-265063], salts and alkoxides of an alkali metal or an alkaline earth 

15 metal (Japanese Patent Application Laid-Open Specification No. 56-25138), lead compounds (Japanese Pa- 
tent Application Laid-Open Specification No. 57-176932), complexes of a metal, such as copper, iron and zir- 
conium (Japanese Patent Application Laid-Open Specification No. 57-183745), titanic acid esters [Japanese 
Patent Application Laid-Open Specification No. 58-185536 (corresponding to U.S. Patent No. 4,410,464)], a 
mixture of a Lewis acid and protonicacid [Japanese Patent Application Laid-Open Specification No. 60-173016 

20 (corresponding to U.S. Patent No. 4,609,501)], compounds of Sc, Mo, Mn, Bi, Te or the like (Japanese Patent 
Application Laid-Open Specification No. 1-265064), and ferric acetate (Japanese Patent Application Laid- 
Open Specification No. 61-172852). 

As a catalyst for use in the method for producing a diaryl carbonate by performing disproportionation by 
means of a same-species intermolecular transesterif ication of an alkyl aryl carbonate into a diaryl carbonate 

25 and a dialkyi carbonate, there have been proposed various catalysts, which include for example, a Lewis acid 
and a transition metal compound which is capable of forming a Lewis acid [Japanese Patent Application Laid- 
Open Specification No. 51-75044 (corresponding to West German Patent Application Laid-Open Specification 
No. 2552907 and U.S. Patent No. 4,045,464)], a polymeric tin compound [Japanese Patent Application Laid- 
Open Specification No. 60-169444 (corresponding to U.S. Patent No. 4,554,110)], a compound represented 

30 by the formula R-X(=0)OH (wherein X is selected from Sn and Ti, and R is selected from monovalent hydro- 
carbon residues) [Japanese Patent Application Laid-Open Specification No. 60-169445 (corresponding to U.S. 
Patent No. 4,552,704)], a mixture of a Lewis acid and protonic acid [Japanese Patent Application Laid-Open 
Specification No. 60-173016 (corresponding to U.S. Patent No. 4,609,501)], a lead catalyst (Japanese Patent 
Application Laid-Open Specification No. 1-93560), a titanium or zirconium compound (Japanese Patent Ap- 

35 plication Laid-Open Specification No. 1-265062), a tin compound (Japanese Patent Application Laid-Open 
Specification No. 1-265063), and a compound of Sc, Mo, Mn, Bi, Te or the like (Japanese Patent Application 
Laid-Open Specification No. 1-265064). 

However, the effective improvement of reaction rate cannot be attained by the methods using the above- 
mentioned various catalysts, and therefore, it has been impossible to produce an aromatic carbonate at high 

40 selectivity and in high yield by a short-time reaction. 

Another attempt for improving the yield of aromatic carbonates in these reactions consists in biasing the 
equilibrium toward the product system as much as possible. In the case of producing an aromatic carbonate 
from a dialkyi carbonate and an aromatic hydroxy compound, there have been proposed for example, a method 
in which by-produced methanol is distilled off together with an azeotrope forming agent by azeotropic distil- 
ls lation in the reaction of a dimethyl carbonate with phenol [Japanese Patent Application Laid-Open Specifica- 
tion No. 54-48732 (corresponding to West German Patent Application Laid-Open Specification No. 2736063) 
and Japanese Patent Application Laid-Open Specification No. 61-291545] and a method in which by-produced 
methanol is removed by adsorbing the same onto a molecular sieve [Japanese Patent Application Laid-Open 
Specification No. 58-185536 (corresponding to U.S. Patent No. 4,410,464)]. 

so However, in the method described in Japanese Patent Application Laid-Open Specification No. 54-48732, 
a complicated step is required to separate and collect a large quantity of heptane used as an azeotrope forming 
agent from an azeotrope. In addition, in this method as well, the yield of an aromatic carbonate is as small as 
3.5 % relative to the phenol used even after the reaction for a period as long as 45 hours. 

Further, in the method describ d in Japanese Patent Application Laid-Op n Specification No. 58-185536, 

55 not only is a large quantity of molecular si ve as much as 8-10 g perg ofth m t ha nol by- produced necessary, 
but also a complicat d step is r quired for desorbing th m thanol adsorb d on the molecular sieve. 
Th ref re, it is difficult to carry out these methods on a commercial seal . 

Furthermore, as a m thod for performing the intended reaction, which is pref rr d among the methods 
of the abov -d scrib d proposals, it is known to employ an apparatus comprising a reactor provided on th 
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top thereof with columns having distillation function or fractional distillation function in ord r to separate and 
distill off alcohols (by-produc d in th cours ofth r action) from a mixture ofthe starting material, the prod- 
uct and th solvent co-pres nt th rewith [Japanese Pat nt Application Laid-Op n Sp cification N . 56- 

5 123948 (corresponding to U.S. Patent No. 4,182,726), Japanese Patent Application Laid-Open Specification 
No. 56-25138, Japanese Patent Application Laid-Open Specification No. 60-169444 (corresponding to U.S. 
Patent No. 4,554,110), Japanese Patent Application Laid-Open Specification No. 60-169445 (corresponding 
to U.S. Patent No. 4,552,704), Japanese Patent Application Laid-Open Specification No. 60-173016 (corre- 
sponding to U.S. Patent No. 4,609,501), Japanese Patent Application Laid-Open Specification No. 61-172852, 

10 Japanese Patent Application Laid-Open Specification No. 61-291545, and Japanese Patent Application Laid- 
Open Specification No. 62-277345]. 

However, in all ofthe above-mentioned methods, the reaction proceeds only in the reactor in which a cat- 
alyst is present. The distillation column provided at the top of the reactor is used only to separate the alcohols 
(produced in the reactor) from the other components present in the reactor. This is apparent from the detailed 

15 description of Japanese Patent Application Laid-Open Specification No. 61-291545. In the Laid-Open speci- 
fication, for example, there is a description "in such a reaction, generally, a reaction distillation method is em- 
ployed, in which using a reaction-distillation apparatus in which a reactor is provided with a distillation column, 
methanol having a boiling point lower than that of the desired carbonate as formed is distilled off from the 
top of the column while performing the desired reaction in the reactor disposed at the bottom of the column" 

20 (page 1, right hand column, lines 12-17 of the Laid-Open specification). 

That is, the reaction distillation method in these conventional methods is performed by the use of an ap- 
paratus in which a reacting part and a distilling part separately exist. In the part of the distillation column, 
only distillation is performed but no reaction is conducted. Thus, in these conventional methods, a reaction 
is performed in a liquid phase in the reactor, but the equilibrium of the reaction is biased toward the product 

25 system only by the withdrawal of the low boiling point alcohols by-produced from the liquid phase to a gas 
phase through a gas-liquid interface to thereby proceed the reaction. However, the reactor used in these meth- 
ods is of a vessel type, so that the gas-liquid interfacial area is as small as being approximately equal to the 
cross section area of the reactor, inevitably causing the reaction to be extremely slow, as known in the art. 
For example, in working examples of Japanese Patent Application Laid-Open Specification Nos. 61-291545, 

30 54-48732 and 54-48733, it takes a reaction time as long as 8-45 hours for a batch system. In the method in 
which such a prolonged period of time is taken, not only the side-reactions of a starting material or an inter- 
mediate product but also the side-reactions of the aromatic carbonates produced are li kely to occur to thereby 
cause a lowering in selectivity. Furthermore, in these reaction methods which take such a prolonged period 
of time, the productivity is poor, and hence, it is difficult to perform these methods on a commercial scale. 

35 Moreover, with respect to the method known as reaction distillation using an apparatus in which a reacting 

part and a distilling part are separately disposed, Japanese Patent Application Laid-Open Specification No. 
61-291545 has a description to the following effect "although the reaction distillation operation can be con- 
ducted in a batch-wise manner or in a continuous manner, the batch-wise operation is preferred for example, 
when a dimethyl carbonate is subjected to transesterif ication with phenol, since the continuous operation re- 

40 quires large-size facilities due to a low reaction rate" (page 3, left hand lower column, lines 4-9). In fact, in all 
of the working examples of the various publications described above, there is employed either a method in 
which both of a dialkyl carbonate and an aromatic hydroxy compound as reaction agents are charged together 
with a catalyst into a reactor from the beginning to effect a reaction, or a method in which only one ofthe re- 
action agents (generally, an aromatic hydroxy compound which is a high boiling point compound) is first 

45 charged together with a catalyst into a reactor, followed by a reaction while feeding the other reaction agent. 
Both ofthe methods are of a batch system. Therefore, up to now, there has been no publication disclosing a 
continuous reaction method in which both reaction agents are continuously fed while continuously withdraw- 
ing products. 

so Disclosure of the Invention 

In the above-described situation, the present inventors have made extensive and intensive studies to de- 
velop a process free of the drawbacks ofthe various hitherto proposed processes as mentioned above, which 
process realizes the continuous production of an aromatic carbonate at a high reaction rate and with a high 
55 selectivity. As a result, it has surprisingly b en found that an aromatic carbonate or an aromatic carbonat mix- 
tur can be continuously produced efficiently at a high reaction rate and with a high sel ctivity by continuously 
fe ding a starting material and a r actant to a continuous multi-stage distillation column to ffect a transes- 
terif ication reaction th rebetwe n in the presence of a catalyst in the distillation column, while continuously 
withdrawing th produc d aromatic carbonate or aromatic carbonate mixture as a high boiling point product 
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in a liquid form from a lower portion of the distillation column and continuously withdrawing the by-product 
as a low boiling point product in a gaseous form from an upper portion of th distillation column by distillation. 
Further, it has b n found that the desired ar matic carbonat or aromatic carbonate mixture can be contin- 
5 uously produced more effici ntly by employing a plurality of continuous multi-stage distillation columns in com- 
bination so as to effect a skillful recycling of high boiling point products and/or low boiling point products. 
The present invention has been made on the basis of these findings. 

Accordingly, it is an object of the present invention to provide a novel process for continuously producing 
an aromatic carbonate efficiently at a high reaction rate and with a high selectivity by using a continuous multi- 
w stage distillation column as a reaction column. 

It is another object of the present invention to provide a process in which the desired aromatic carbonate 
is produced more efficiently by the use of a plurality of continuous multi-stage distillation columns. 

Essentially, according to the present invention, there is provided a process for producing an aromatic car- 
bonate which comprises transesterifying a starting material selected from the group consisting of a dialkyl car- 
ts bonate represented by 

R^-OCOR 1 , 



20 



50 



I 
o 



an alkyl aryl carbonate represented by 



25 R 2 OCOAr 2 

i 

0 

and a mixture thereof with a reactant selected from the group consisting of an aromatic hydroxy compound 
30 represented by Ar'OH, an alkyl aryl carbonate represented by 

R 3 OCOAr 3 

1 

0 

and a mixture thereof, wherein each of R 1 , R 2 and R 3 independently represents an alkyl group having 1 to 10 
carbon atoms, an alicydic group having 3 to 10 carbon atoms or an aralkyl group having 6 to 10 carbon atoms 
and each of Ar 1 , Ar 2 and Ar 3 independently represents an aromatic group having 5 to 30 carbon atoms, to there- 
40 by produce an aromatic carbonate or aromatic carbonate mixture corresponding to the starting material and 
the reactant and represented by 

ArOCOAr, 

I 

O 



and/or 



ROCOAr 

I 

0 

55 wh r in R and Ar are, respectiv ly, select d from R 1 , R 2 and R 3 and select d from Ar 1 , Ar 2 and Ar 3 in corre- 
spond nee to the starting mat rial and the r actant and produce an aliphatic alcohol, a dialkyl carbonate or 
a mixture thereof corresponding to th starting material and the r actant and repr sented by ROH and/or 
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ROCOR , 
I 

O 

wherein R is as defined above, as a by-product, characterized in that the starting material and the reactant 
are continuously fed to a continuous multi-stage distillation column to effect a liquid phase and/or gas-liquid 
phase transesterification reaction therebetween in the presence of a catalyst in the distillation column, while 
continuously withdrawing a high boiling point reaction mixture containing the produced aromatic carbonate or 
aromatic carbonate mixture in a liquid form from a lower portion of the distillation column and continuously 
withdrawing a low boiling point reaction mixture containing the by-product in a gaseous form from an upper 
portion of the disti Nation column by distillation, thereby enabling the aromatic carbonate or aromatic carbonate 
mixture to be produced continuously. 

The typical reactions which are involved in the process of the present invention are represented by the 
following formulae: 

R 1 OCOR 1 + Ar 1 OH ^Zll R 1 OCOAr 1 + R 1 OH . (1) 

1 II 

0 0 

R 2 OCOAr 2 + Ar 1 OH TZl Ar^-OCOAr 2 + R 2 OH ... (2) 

1 I 

o o 

R 1 OCOR 1 + R 3 OCOAr 3 ^Zll R^COAr 3 + R 1 OCOR 3 ... (3), 

II I I 

0 0 0 0 

and 

R 2 OCOAr 2 + R 3 OCOAr 3 ArOCOAr + ROCOR ... (4), 

1 1 II 8 

0 0 0 0 

wherein R 1 , R 2 , R 3 , Ar 1 , Ar 2 and Ar 3 are as defined above, each of Afs appearing in formula (4) independently 
represents Ar 2 or Ar 3 , and each of R's appearing in formula (4) independently represents R 2 or R 3 and wherein 
when R 2 = R 3 and Ar 2 = Ar 3 in formula (4), the reaction is a same species-intermolecular transesterification 
reaction generally known as a disproportionation reaction. 

The essential feature of the process of the present invention resides in that the above reactions are per- 
formed in the presence of a catalyst in a continuous multi-stage distillation column while separating the low 
boiling point products formed by the reactions from the reaction system by distillation. The continuous pro- 
duction of an aromatic carbonate at a high selectivity and in a high yield has for the first time become feasible 
by virtue of this process. 

It is really an unexpected finding that the reaction according to the present invention, the equilibrium of 
which is extremely biased toward the original system [for example, the equilibrium constant of the reaction 
defined by formula (1) is in the order of 1Q- 3 to 10" 4 ], can be advanced at a high reaction rate by the above 
process to thereby enable an aromatic carbonate to be continuously produced at a high selectivity and in a 
high yield. 

It is surprising that in the process of the pr sent invention the r action rat is high and th selectivity and 
yield (or productivity) are markedly improved as compared to thos attain dbyth conventional process s. 
Th xact r ason has not y t been elucidated. However, in light of the results of the practice of the process 
of the pr sent invention, the following presumptions can b mad . 

That is, all ofthe reactions of th above formulae (1) to (4), which ar involv dinth processofth present 
invention, are reversible reactions, in which the equilibrium is extremely biased toward the original syst m. 
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Th refore, inallofther actions, in order to increase the conv rsion ratio, it is necessary to remove a by-prod- 
uct, which is comprised of low boiling point products formed in the reaction [g nerally, aliphatic alcohols in 
the reactions off rmulae (1) and (2) and dialkyl carbonat s in th reactions of formulae (3) and (4)], from the 

5 liquid phas in the reaction system as promptly as possible. 

However, it has not been possible to increase a reaction rate in the conventional process in which the re- 
action is conducted using a tank reactor provided in an upper portion thereof with a distillation column as de- 
scribed in the above-mentioned various publications showing the prior art. The reason is that not only is the 
reaction site limited to only the tank reactor portion where a catalyst is present but the area of a gas-liquid 

w interface necessary for evaporating the low boiling point products formed by the reaction from the liquid phase 
in the reactor into a gas phase is also small. 

By contrast, in the process of the present invention, a catalyst is present throughout a continuous multi- 
stage distillation column and, hence, it is possible to advance the reaction in a large region in which an area 
of a gas-liquid interface is extremely large. In this region, a fed liquid material to be reacted flows down while 

is repeatedly experiencing gas-liquid contact with a vapor ascending from a lower portion and experiencing dis- 
tillation and reaction. At that time, the low boiling point products are evaporated from the liquid phase into a 
vapor phase. As a result, each component within the continuous multi-stage distillation column comes to have 
a biased concentration distribution. For example, when the reactions of formulae (1) and (2) are performed, 
generally, the concentration of an alkyl aryl carbonate and/or a diaryl carbonate as a high boiling point product 

20 in the liquid phase has a distribution such that the concentration gradually increases from the highest stage 
of the stages in which a catalyst is present toward the lower portion of the column. On the other hand, the 
concentration of an aliphatic alcohol as a low boiling point product in the liquid phase usually has a distribution 
such that the concentration gradually decreases from the top portion of the column toward the lower portion 
of the column. Around the lowermost portion of the column, it is possible to reduce the aliphatic alcohol con- 

25 centration in the liquid phase to an extremely low level. In the vapor phase, the aliphatic alcohol concentration 
has a distribution such that it gradually increases from the lower portion of the column toward the upper portion 
of the column. 

When for example, the reactions of formulae (3) and (4) are performed, the concentration of a diaryl car- 
bonate as a high boiling point product in the liquid phase generally has a distribution such that the concen- 

30 t ration gradually increases from the highest one of the stages of the column in which a catalyst is present to- 
ward the lower portion of the column. On the other hand, the concentration of a dialkyl carbonate as a low 
boiling point product in the liquid phase usually has a distribution such that the concentration gradually de- 
creases from the upper portion of the column toward the lower portion of the column. Around the lowermost 
portion of the column, it is possible to reduce the dialkyl carbonate concentration in the liquid phase to an ex- 

35 tremely low level. In the vapor phase, the dialkyl carbonate concentration has a distribution such that it grad- 
ually increases from the lowermost portion of the column toward the upper portion of the column. 

In the process of the present invention, the above reactions proceed as described above in a continuous 
multi-stage distillation column. It is believed that at an arbitrary position within such a reaction region, the 
liquid phase of the reaction system is in a condition close to an equilibrium composition as a result of the re- 

40 action and the vapor phase has a composition close to a gas-liquid equilibrium condition relative to the liquid 
phase. Accordingly, when the liquid phase is retained at that position, the reaction is no longer advanced. How- 
ever, actually, it is possible to further advance the reaction by allowing the liquid phase to flow down so as to 
effect a gas-liquid contact with a vapor phase in which the concentration of a low boiling point reaction product 
is lower, thereby further increasing the concentration of an aromatic carbonate as a high boiling point product 

45 in the liquid phase. 

In the conventional process in which a reaction is performed in a tank reactor provided in the upper portion 
thereof with a distillation column, a reaction is performed only in the tank reactor, and the distillation column 
functions only for separating from the low boiling point starting compound vapor a low boiling point product 
vapor coming from a gas-liquid interface into a gas phase in the tank reactor and allowing the low boiling point 
so starting compound in a liquid form to flow down back to the tank reactor. 

Therefore, it is believed that the advantages of the process of the present invention overthe conventional 
process are mainly due to the following points: 

(1) the area of a gas-liquid interface can be extremely large as compared to that provided by the conven- 
tional proc ss in which the reaction is performed using a tank reactor, and as a result, the mass transfer 

55 of a low boiling point product as a by-product to th vapor phase is facilitated; 

(2) the liquid phas of the reaction system in a continuous multi-stage distillation column flows down while 
r peatedly experiencing a gas-liquid contact with a vapor ascending from a low r portion and being sub- 
j cted to reaction and, hence, despite the fact that the process of the present invention is a continuous 
process, high conv rsions of th starting material and the r actant can be achiev d (in the conv ntional 
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proc ss in which the reaction is conducted using a tank reactor, it is difficult to increase th conversion 
of th starting compound even if the desir d aromatic carbonate is continuously withdrawn, and no con- 
tinuous process has actually b en proposed. For increasing the conv rsion in the conventional process, 
5 it is necessary to conduct th reaction in a batchwise manner for a prol nged period of time); and 

(3) the vapor ascending in a continuous multi-stage distillation column ascends while repeatedly experi- 
encing a gas-liquid contact with a liquid descending in the column and, hence, the thermal energy of the 
vapor is effectively utilized. 

The dialkyi carbonate to be used as a starting material in the present invention is represented by formula 

10 

R 1 OCOR 1 / 
I 

0 

15 

wherein R 1 represents an alkyl group having 1 to 10 carbon atoms, an alicyclic group having 3 to 10 carbon 
atoms or an aralkyl group having 6 to 1 0 carbon atoms. Examples of R 1 include an alkyl group, such as methyl, 
ethyl, propyl (isomers), allyl, butyl (isomers), butenyl (isomers), pentyl (isomers), hexyl (isomers), heptyl (iso- 
mers), octyl (isomers), nonyl (isomers), decyl (isomers) and cyclohexylmethyl; an alicyclic group, such as cy- 

20 clopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl; and an aralkyl group, such as benzyl, phenethyl 
(isomers), phenylpropyl (isomers), phenyibutyl (isomers) and methylbenzyl (isomers). 

The above-mentioned alkyl group, alicyclic group and aralkyl group may be substituted with a substituent, 
such as a lower alkyl group, a lower alkoxy group, a cyano group and a halogen atom, as long as the number 
of carbon atoms of the substituted group does not exceed 10, and may also contain an unsaturated bond. 

25 As a dialkyi carbonate having such R 1 , there may be mentioned for example, dimethyl carbonate, diethyl 

carbonate, dipropyl carbonate (isomers), diallyl carbonate, dibutenyl carbonate (isomers), dibutyl carbonate 
(isomers), dipentyl carbonate (isomers), dihexyl carbonate (isomers), diheptyl carbonate (isomers), dioctyl 
carbonate (isomers), dinonyl carbonate (isomers), didecyl carbonate (isomers), dicyclopentyl carbonate, di- 
cyclohexyl carbonate, dicycloheptyl carbonate, dibenzyl carbonate, diphenyl carbonate (isomers), di(phenyl- 

30 propyl) carbonate (isomers), di(phenylbutyl) carbonate (isomers), di(chlorobenzyl) carbonate (isomers), di(me- 
thoxybenzyl) carbonate (isomers), di(methoxymethyl) carbonate, di(methoxyethyl) carbonate (isomers), 
di(chloroethyi) carbonate (isomers) and di(cyanoethyl) carbonate (isomers). 

Of these dialkyi carbonates, a dialkyi carbonate containing as R 1 a lower alkyl group having 4 or less carbon 
atoms is preferably used. Most preferred is dimethyl carbonate. 

35 The aromatic hydroxy compound to be used as a reactant in the present invention is represented by for- 
mula Ar 1 OH wherein Ar 1 represents an aromatic group having 5 to 30 carbon atoms, and the type of the com- 
pound is not limited as long as the hydroxyl group is directly bonded to the aromatic group. Examples of Ar 1 
include a phenyl group and various alkyl phenyl groups, such as phenyl, tolyl (isomers), xylyl (isomers), trime- 
thylphenyl (isomers), tetramethylphenyl (isomers), ethylphenyl (isomers), propylphenyl (isomers), butylphenyl 

40 (isomers), diethylphenyl (isomers), methylethylphenyl (isomers,), pentylphenyl (isomers), hexyiphenyl (iso- 
mers) and cyclohexylphenyl (isomers); various alkoxyphenyl groups, such as methoxyphenyi (isomers), ethox- 
yphenyl (isomers) and butoxyphenyl (isomers); various halogenated phenyl groups, such as fluorophenyl (iso- 
mers), chlorophenyl (isomers), bromo phenyl (isomers), chloromethyl phenyl (isomers) and dichlorophenyl (iso- 
mers); various substituted phenyl groups represented by the formula: 

45 




50 

wherein A represents 

a bond, a divalent group, such as -0-, -S-, -CO- and -SO r , an alkyiene group, a substituted alkylene group 
of the formula: 

55 
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R 4 R 4 R 6 



or 



R 5 R 5 R 7 




wherein each of R 4 , R 5 , R 6 and R 7 individually represents a hydrogen atom, a lower alkyl group, a cy- 
cloalkyi group, an aryl group or an aralkyl group, which may be substituted with a halogen atom or an alkoxy 
group), 

or a cycloalkylene group of the formula: 



ICH 2 ) R 



wherein k is an integer of from 3 to 11, and the hydrogen atoms may be substituted with a lower alkyl 
group, an aryl group, a halogen atom or the like, and 

the aromatic group may be substituted with a substituent, such as a lower alkyl group, a lower alkoxy group, 
an ester group, a hydroxyl group, a nitro group, a halogen and a cyano group; 

a naphthyl group and various substituted naphthyl groups, such as naphthyl (Isomers), methylnaphthyl (iso- 
mers), dimethylnaphthyl (isomers), chloronaphthyl (isomers), methoxynaphthyl (isomers) and cyanonaphthyl 
(isomers); and various unsubstituted or substituted heteroaromatic groups, such as pyridyl (isomers), cumaryl 
(isomers), quinolyl (isomers), methylpyridyi (isomers), chloropyridyl (isomers), methylcumaryl (isomers) and 
methylquinolyl (isomers). 

Examples of aromatic hydroxy compounds having these Ar 1 include phenol; various alkyl phenols, such 
as cresol (isomers), xylenol (isomers), tri methyl phenol (isomers), tetramethyl phenol (isomers), ethylphenol 
(isomers), propylphenol (isomers), butylphenol (isomers), diethylphenol (isomers), methylethyl phenol (iso- 
mers), methylpropylphenol (isomers), dipropylphenol (isomers), methyl butyl phenol (isomers), pentylphenol 
(isomers), hexylphenol (isomers) and cyclohexylphenol (isomers); various alkoxy phenols, such as methoxy- 
phenol (isomers) and ethoxyphenol (isomers); various substituted phenols represented by the formula: 



<g)-A-^-OH 



wherein A is as defined above; 
naphthol (isomers) and various substituted naphthols; and heteroaromatic hydroxy compounds, such as hy- 
droxypyridine (isomers), hydroxycumarine (isomers) and hydroxyquinoline (isomers). Also usable are an aro- 
matic dihydroxy compound having two hydroxyl groups; such as hydroquinone, resorcinol, catechol, dihydrox- 
ynaphthalene, dihydroxyanthracene and a dihydroxy compound obtained by substitution of the above with an 
alkyl group; and an aromatic dihydroxy compound represented by the formula: 




;04— A-fO 




OH 



wherein A is as defined above, and the aromatic ring may be substituted with a substituent, such as a 
lower alkyl group, a lower alkoxy group, an ester group, a nitro group, a cyano group and a halogen atom. Of 
these aromatic hydroxy compounds, an aromatic monohydroxy compound containing as Ar 1 an aromatic group 
having 6 to 10 carbon atoms is pref rably us d in the present inv ntion, and ph nol is most preferr d. 

Th alkyl aryl carbonate to be used as a starting material in the present invention is represent d by the 
formula: 
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R 2 OCOAr 2 

I 

5 0 

wherein R 2 may be identical with or different from R 1 , and represents an alkyl group having 1 to 10 carbon 
atoms, an alicyclic group having 3 to 10 carbon atoms or an aralkyl group having 6 to 10 carbon atoms; and 
Ar 2 may be identical with or different from Ar\ and represents an aromatic group having 5 to 30 carbon atoms. 

w As R 2 , there may be mentioned for example, the same groups as set forth above for R 1 . As Ar 2 there may be 
mentioned for example, the same groups as set forth above for Ar 1 . 

Representative examples of alkyl aryl carbonate having these R 2 and Ar 2 include methyl phenyl carbonate, 
ethyl phenyl carbonate, propyl phenyl carbonate (isomers), allyl phenyl carbonate, butyl phenyl carbonate (iso- 
mers), pentyl phenyl carbonate (isomers), hexyl phenyl carbonate (isomers), heptyl phenyl carbonate (iso- 

15 mers), octyl tolyl carbonate (isomers), nonyl ethylphenyl carbonate (isomers), decyl butyiphenyl carbonate 
(isomers), methyl tolyl carbonate (isomers), ethyl tolyl carbonate (isomers), propyl tolyl carbonate (isomers), 
butyl tolyl carbonate (isomers), allyl tolyl carbonate (isomers), methyl xylyl carbonate (isomers), methyl trime- 
thylphenyl carbonate (isomers), methyl chlorophenyl carbonate (isomers), methyl nitrophenyl carbonate (iso- 
mers), methyl methoxyphenyl carbonate (isomers), methyl cumyl carbonate (isomers), methyl naphthyl car- 

20 bonate (isomers), methyl pyridyl carbonate (isomers), ethyl cumyl carbonate (isomers), methyl benzoylphenyl 
carbonate (isomers), ethyl xylyl carbonate (isomers), benzyl xylyl carbonate (isomers), methyl hydroxyphenyl 
carbonate (isomers), ethyl hydroxyphenyl carbonate (isomers), methoxycarbonyloxybiphenyi (isomers), me- 
thyl hydroxybiphenyl carbonate (isomers), methyl 2-( hydroxyphenyl) propyl phenyl carbonate (isomers) and 
ethyl 2-(hydroxyphenyl)propylphenyl carbonate (isomers). Of these alkyl aryl carbonates, one containing as 

25 R 2 an alkyl group having 1 to 4 carbon atoms and as Ar 2 an aromatic group having 6 to 10 carbon atoms is 
preferably used, and methyl phenyl carbonate is most preferred. 

The alkyl aryl carbonate to be used as a reactant in the present invention is represented by the formula: 



30 R J OCOAr J 

I 

O 

wherein R 3 may be identical with or different from R 1 and R 2 and represents an alkyl groups having 1 to 10 
35 carbon atoms, as alicyclic group having 3 to 10 carbon atoms or an aralkyl group having 6 to 10 carbon atoms; 
and Ar 3 may be identical with or different from Ar 1 and Ar 2 and represents and aromatic group having 5 to 30 
carbon atoms. As R 3 , there may be mentioned for example, the same groups as set forth above for R 1 . As Ar 3 , 
there may be mentioned for example, the same groups as set forth above for Ar 1 . 

As alkyl aryl carbonates having these R 3 and Ar 3 , there may be mentioned for example, those which are 
40 set forth above for 



45 



R 2 OCOAr 2 , 
I 

O 



Of these alkyl aryl carbonates, one containing as R 3 an alkyl group having 1 to 4 carbon atoms and as Ar 3 
an aromatic group having 6 to 10 carbon atoms, and methyl phenyl carbonate is most preferred. 

When each of the reactions of formulae (1), (2), (3) and (4) is performed according to the process of the 
so present invention, dialkyl carbonates or alkyl aryl carbonates as starting materials for the reaction can be used 
individually or in mixture and aromatic hydroxy compounds or alkyl aryl carbonates as reactantsforthe reaction 
can be used individually or in mixture. 

When R 2 =R 3 =R and Ar 2 =Ar 3 =Ar in the transesterification reaction of formula (4), a diaryl carbonate and 
a dialkyl carbonate can b obtained by a same species-intermolecular transesterification reaction of a single 
55 typ of alkyl aryl carbonate. This is a pr ferr d embodiment of the present invention. 

Further, wh n R^R^R^R and Ar 1 =Ar 2 =Ar 3 =Ar in formulae (1) and (4), by combining the reaction of for- 
mula (1) with the r action of formula (4), a diaryl carbonate can be obtained from a dialkyl carbonate and an 
aromatic hydroxy compound through an alkyl aryl carbonate as shown in formula (5) and (6). This is an s- 
peciallypr ferred embodim ntof the present invention. 



10 
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2R0C0R + 2ArOH 



2R0C0Ar + 2R0H 



(5) 



I 



0 



o 



2R0C0Ar < * ArOCOAr + ROCOR 




(6) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Recycling of the dialkyl carbonate by-produced in the reaction of formula (6) as a starting material for the re- 
action of formula (5) results in the formation of 1 mol. of a diaryl carbonate and 2 mol. of an aliphatic alcohol 
from 1 mol. of a dialkyl carbonate and 2 mol. of an aromatic hydroxy compound. 

When R=CH 3 and Ar=C e H 5 in the above formulae (5) and (6), diphenyl carbonate, which is an important 
raw material for polycarbonate and an isocyanate, can be readily obtained from dimethyl carbonate, which is 
the simplest form of dialkyl carbonate, and phenol. This is especially important. 

As a catalyst to be used in the present invention, there may be mentioned for example: 
(lead compounds) 

a lead oxides, such as PbO, Pb0 2 and Pb 3 0 4 ; lead sulfides, such as PbS and Pb 2 S; lead hydroxides, such as 
Pb(OH) 2 and Pb 2 0 2 (OH) 2 ; plumbites, such as Na 2 Pb0 2 , K 2 Pb0 2 , NaHPb0 2 and KHPb0 2 ; a plumbate, such as 
Na 2 Pb0 3 , Na 2 H 2 Pb0 4 , K 2 Pb0 3 , KJPbfOHfc], KJPbO A , Ca 2 Pb0 4 and CaPb0 3 ; lead carbonates and basic salts 
thereof, such as PbC0 3 and 2PbC0 3 Pb(OH) 2 ; lead salts of organic acids, and carbonates and basic salts 
thereof, such as Pb(OCOCH 3 ) 2 , Pb(OCOCH 3 ) 4 and Pb(OCOCH 3 ) 2 PbO-3H 2 0; organolead compounds, such 
as Bu 4 Pb, Ph 4 Pb, Bu 3 PbC1 , Ph 3 PbBr, Ph 3 Pb (or PhePbJ, Bu 3 PbOH and Ph 3 PbO wherein Bu represents a butyl 
group and Ph represents a phenyl group; alkoxylead compounds and aryloxylead compounds , such as 
Pb(OCH 3 ) 2 , (CH 3 0)Pb(OPh) and Pb(OPh) 2 ; lead alloys, such as Pb-Na, Pb-Ca, Pb-Ba, Pb-Sn and Pb-Sb; lead 
minerals, such as galena and zincblende; and hydrates of these lead compounds; 
(copper family metal compounds) 

salts or complexes of a copper family metal, such as CuCI, CuCI 2 , CuBr, CuBr 2 , Cul, Cul 2 , Cu(OAc) 2 , 
Cu(acac) 2 , copper oleate, Bu 2 Cu, (CH 3 0) 2 Cu, AgN0 3 , AgBr, silver picrate, AgC 6 H 6 CI0 4 , Ag(bulivalene) 3 N0 3i 
[AuC=C-C(CH 3 ) 3 ] n and [Cu(C7H 8 )CI] 4 wherein OAc represents an acetyl group and acac represents an acet- 
ylacetone chelate ligand; 
(alkali metal complexes) 

alkali metal complexes, such as Li(acac) and LiN(C 4 H 9 ) 2 wherein acac is as defined above; 
(zinc complexes) 

zinc complexes, such as Zn(acac) 2 wherein acac is as defined above; 
(cadmium complexes) 

cadmium complexes, such as Cd(acac) 2 wherein acac is as defined above; 
(iron family metal compounds) 

Fe(C 10 H 8 )(CO) 6 , Fe(CO) 5 , Fe(C 3 H 6 )(CO) 3( Co(mesitylene) 2 (PEt 2 Ph) 2i CoC 5 F 5 (CO) 2 , Ni-ji-C 5 H 6 NO and 
ferrocene; 

(zirconium complexes) 

zirconium complexes, such as Zr(acac) 4 wherein acac is as defined above and zirconocene; 
(Lewis acids and Lewis acid-forming compounds) 

Lewis acids and Lewis acid-forming transition metal compounds, such as AIXs, TiX 3 , TOQ, VOX 3 , VX5, 
ZnX 2 , FeXz and SnX 4 wherein X represents a halogen, an acetoxy group, an alkoxy group or an aryloxy group; 
(organotin compounds) 

organotin compounds, such as (CH 3 ) 3 SnOCOCH 3 , (C 2 H 5 ) 3 SnOCOC 6 H 5 , Bu 3 SnOCOCH 3 , Ph 3 SnO- 
COCH 3 , Bu 2 Sn(OCOCH 3 ) 2 , BuzSnfOCOCuH^k, Ph 3 SnOCH 3 , (C 2 H 5 ) 3 SnOPh, Bu2Sn(OCH 3 ) 2 , Bu 2 Sn(OC 2 H 6 ) 2 , 
Bu 2 Sn(OPh) 2 , Ph 2 Sn(OCH 3 ) 2 , (C 2 H 6 ) 3 SnOH, Ph 3 SnOH, Bu 2 SnO, (C 8 H 17 ) 2 SnO, Bu 2 SnCI 2 and BuSnO(OH); 
(inorganic oxides) 

inorganic oxides, such as silica, alumina, titania, silicatitania, zinc oxide, zirconium oxide, gallium oxide 
zeolite and an oxide of a rare arth; and a material obtain d by modifying the surfac acid site of the abov 
inorganic oxide by silylation or other m thods. 

These catalysts may b either soluble or insoluble in the liquid phas ofth r action system. Further, these 
catalysts may be used in the form of a mixture with a compound or a carrier which is in rt t the reaction or 
a composite having the catalyst supported on such a compound or a carrier 

Thes catalysts are effective vn when they ar reacted with an organic compound present in th reac- 
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tion syst m, such as an aliphatic alcohol, an aromatic hydroxy compound, an alkyl aryl carbonate, a diaryl 
carbonate and a dialkyl carbonat . Alternatively, these catalysts may be h at treated with a fe dstock, i.e., a 
starting mat rial and a reactant, r a corresponding product prior to th use in th proc ss of the present in- 
5 v ntion. 

Of these catalysts, especially preferred are lead compounds, for example, lead oxides, such as PbO, Pb0 2 
and Pb 3 0 4 , lead hydroxides, such as Pb(OH) 2 and Pb 2 0 2 (OH) 2 , lead carbonates and basic salts thereof, such 
as PbC0 3 and 2PbC0 3 Pb(OH) 2 , alkoxylead compounds and aryloxylead compounds, such as Pb(OCH 3 ) 2 , 
(CH 3 0)Pb(OPh) and Pb(OPh) 2 . Further, those which are formed by reacting such a lead compound with an 

10 organic compound present in the reaction system and those which are obtained by heat treating, prior to the 
reaction, such a lead compound with a feedstock, i.e., a starting material and a reactant, or a corresponding 
product, may preferably be used. 

There is no limitation with respect to the continuous multi-stage distillation column to be used in the pres- 
ent invention as long as it is a distillation column having a theoretical number of plates of distillation of two 

15 or more and which is capable of continuous distiilation. Examples of such continuous multi-stage distillation 
columns include plate type columns using a tray, such as a bubble-cap tray, a sieve tray, a valve tray and a 
counterf low tray, and packed type columns packed with various packings, such as a Raschig ring, a Lessing 
ring, a Pall ring, a Berl saddle, an Intelox saddle, a Dixon packing, a McMahon packing, a Heli pack, a Sulzer 
packing and Mellapak. Any column which is generally used as a continuous multi-stage distillation column can 

20 be utilized. (In the present invention, "the number of stages of a distillation column" means the number of 
plates with respect to a plate column and the number of theoretical plates with respect to the other types of 
distillation columns including a packed column.) Further, a mixed type of plate column and packed column 
comprising both a plate portion and a portion packed with packings, can also be preferably used. When a solid 
catalyst which is insoluble in the liquid phase in a distillation column is used, a packed column type distillation 

25 column in which the solid catalyst is used in substitution for part or all of the packings, is preferably employed. 

In the present invention, it is requisite that a catalyst be present in the continuous multi-stage distiilation 
column, and it is preferred that the catalyst be present in at least two plates of the continuous multi-stage dis- 
tiilation column. 

The method for allowing a catalyst to be present in the continuous multi-stage distillation column is not 

30 limited. For example, when a homogeneous catalyst soluble in the liquid phase in the distillation column is 
used, the catalyst can be allowed to be present in the reaction system by continuously feeding the catalyst to 
the distillation column, and when a heterogeneous catalyst (solid catalyst) insoluble in the liquid phase in the 
distillation column is used, the catalyst can be allowed to be present in the reaction system by disposing the 
solid catalyst in the distillation column. These methods can be used in combination. 

35 When a homogeneous catalyst is continuously fed to the distillation column, it may be fed to the column 
simultaneously with the feedstock in the form of a mixture of the catalyst and either one or both of the starting 
material and the reactant Alternatively, the homogeneous catalyst may be fed to a plate which is different from 
the plate where the feedstock is fed. Further, the catalyst can be fed at any position as long as the position 
is at least one plate above the column bottom. However, since the region where the reaction actually takes 

40 place in the distillation column is generally below the position where the catalyst is fed, it is preferred that the 
catalyst be fed to a region between the column top and the position for feeding the feedstock. When a hetero- 
geneous solid catalyst is used, the catalyst can be packed in a desired quantity in a desired position of the 
distillation column, as long as the theoretical number of stages for the layer in which the catalyst is present 
is at least one, preferably at least two. This solid catalyst also serves as a packing for the distillation column. 

45 In a region of the column where no catalyst is present, the distillation column serves only as an ordinary 
distillation column, for example, functions for concentration of the reaction product. 

As described above, the process according to the essential aspect of the present invention is a process 
for producing an aromatic carbonate which comprises transesterifying a starting material selected from the 
group consisting of a dialkyl carbonate represented by 

50 

R 1 OCOR 1 f 

8 

o 

55 

an alkyl aryl carbonate repr sented by 
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R 2 OCOAr 2 
I 

0 



and a mixture thereof with a reactant selected from the group consisting of an aromatic hydroxy compound 
represented by Ar 1 OH, an alkyl aryi carbonate represented by 

10 

R 3 OCOAr 3 

» 

0 

15 

and a mixture thereof, wherein each of R 1 , R 2 and R 3 independently represents an alkyl group having 1 to 10 
carbon atoms, an alicyclic group having 3 to 10 carbon atoms or an aralkyl group having 6 to 10 carbon atoms 
and each of Ar 1 , Ar 2 and Ar 3 independently represents an aromatic group having 5 to 30 carbon atoms, to there- 
by produce an aromatic carbonate or aromatic carbonate mixture corresponding to the starting material and 
20 the reactant and represented by 



ROCOAr and/or ArOCOAr, 

25 0 0 

wherein R and Ar are, respectively, selected from R 1 , R 2 and R 3 and selected from Ar 1 , Ar 2 and Ar 3 in corre- 
spondence to the starting material and the reactant and produce an aliphatic alcohol, a dialkyl carbonate or 
a mixture thereof corresponding to the starting material and the reactant and represented by ROH and/or 

30 

ROCOR, 
0 

35 

wherein R is as defined above, as a by-product, characterized in that the starting material and the reactant 
are continuously fed to a continuous multi-stage distillation column to effect a liquid phase and/or gas-liquid 
phase transesterification reaction therebetween in the presence of a catalyst in the distillation column, while 
continuously withdrawing a high boiling point reaction mixture containing the produced aromatic carbonate or 

40 aromatic carbonate mixture in a liquid form from a lower portion of the distillation column and continuously 
withdrawing a low boiling point reaction mixture containing the by-product in a gaseous form from an upper 
portion of the distillation column by distillation, thereby enabling the aromatic carbonate or aromatic carbonate 
mixture to be produced continuously. There is no particular restriction with respect to the method for contin- 
uously feeding the starting material and the reactant to the continuous multi-stage distillation column, and 

45 any feeding method can be used as long as the starting material and the reactant can be contacted with the 
catalyst in a region of the distillation column which corresponds to at least one plate, preferably at least two 
plates. For example, the starting material and the reactant can be continuously fed to the continuous multi- 
stage distillation column from a desired number of feeding pipes onto a desired plate. The starting material 
and the reactant may be fed either to the same plate of the distillation column or individually to separate plates. 

so The starting material and the reactant are continuously fed in a liquid form, a gaseous form, or a liquid- 

gas form. 

Besides the feeding of the starting material and the reactant to the continuous multi-stage distillation col- 
umn as decribed above, it is also preferred to additionally feed the starting material and/or the reactant in a 
gaseous form to th low r portion of the distillation column intermittently or continuously. 
55 Also preferabl is a method wherein the higher boiling point component of the f dstock composed of th 

starting material and th reactant is continuously fed in a liquid form or a liquid-gas mixture form to a plat at 
a level high r than the plate where the catalyst is present, while the lower boiling point component of the fe d- 
stock is continuously fed in a gas ous form to the lower portion of the distillation column. In this case, some 
of the lower boiling point component of the feedstock may be contain d in the higher boiling point component 
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ofth f dstock fed to the upper portion of the column. 

Th f dstock may contain products, i.e., an aliphatic alcohol and an alkyl aryl carbonate or a diaryl car- 
bonat (inthecas ofth reacti nofformula 1 or2), oradialkyl carbonat and an alkyl aryl carbonate (in the 
case of the r action of formula 3 or 4). However, too high a concentration of these products is undesirable 
because the reactions of formulae 1 to 4 involved in the process of the present invention are reversible and' 
therefore, too high a concentration of these products causes the rate of conversion of the feedstock to be low- 
ered. 

The ratio of the reactant to the starting material to be fed to the continuous multi-stage distillation column 
may vary depending on the type and quantity of the catalyst and the reaction conditions, but, in general, the 
molar ratio of the reactant to the starting material is preferably in the range of from 0.01 to 1000. 

In the present invention, the starting material is reacted with the reactant in the presence of a catalyst 
within the continuous multi-stage distillation column, to thereby produce an aromatic carbonate corresponding 
to the starting material and the reactant as a desired product and produce an aliphatic alcohol [in the case of 
the reactions of formulae (1) and (2)] or a dialkyl carbonate [in the case of the reactions of formulae (3) and 
(4)] corresponding to the starting material and the reactant as a by-product. The desired product or the by- 
product, whichever is lower in boiling point, i.e., a low boiling point reaction product is continuously withdrawn 
in a gaseous form from the distillation column. In the reaction involved in the process of the present invention 
the by-produced aliphatic alcohol or dialkyl carbonate is generally lower in boiling point than the desired aro^ 
matic carbonate and, hence, the by-product is continuously withdrawn in a gaseous form from the distillation 
column. In this case, the withdrawn gaseous product may be either the low boiling point by-product alone or 
a mixture of the by-product and the starting material and/or reactant. Further, the withdrawn gaseous product 
may contain an aromatic carbonate, which is a high boiling point product, in a small amount 

The outlet for withdrawing the gaseous material containing a low boiling point by-product from the con- 
tinuous multi-stage distillation column can be provided at an appropriate position in the column except the 
column bottom. The concentration of the low boiling point by-product in the vapor phase, in general, increases 
in accordance with the distance from the column bottom. Therefore, the outlet for the gaseous material is pre- 
ferably provided at a position above both of the positions from which the starting material and the reactant 
as feedstocks are fed, i.e., between the feeding positions and the column top or in the column top, and it is 
particularly preferred to provide the outlet in the column top. 

The gaseous component withdrawn in this way is liquidfied by cooling or the like, and a portion of the 
resultant liquid may be returned to the upper portion of the distillation column to thereby effect the so-called 
reflux operation. When the reflux ratio is increased by conducting this reflux operation, the distillation effi- 
ciency of a low boiling point by-product into a vapor phase is increased, thereby advantageously increasing 
the concentration of the low boiling point by-product in the withdrawn gaseous component. However too much 
an increase in the reflux ratio disadvantageous^ leads to an increase in the thermal energy required Thus 
the reflux ratio is generally chosen in the range of from 0 to 20, preferably from 0 to 10. 

An aromatic carbonate which is the desired product produced by the method of the present invention is 
continuously withdrawn form as a high boiling point product in a liquid from the lower portion of the continuous 
multi-stage distillation column. In this instance, the withdrawn liquid material may be either an aromatic car- 
bonate alone or a mixture of an aromatic carbonate and the starting material and/or reactant, and may contain 
a little amount of a low boiling point product. When a high boiling point catalyst soluble in a liquid phase is 
used, the catalyst is contained in this withdrawn liquid material. The outlet for withdrawing a liquid material 
containing the desired product, i.e., an aromatic carbonate, from the continuous multi-stage distillation col- 
umn, is provided in a lower portion of the column, in particular preferably at a bottom portion of the column 
A portion of the liquid material withdrawn in this way may be recycled to a lower portion of the distillation col- 
umn in a gaseous form or a gas-liquid mixture form by heating by means of a reboiler. 

The amount of the catalyst to be used in the present invention varies depending on the type thereof, the 
type of the continuous multi-stage distillation column, the types and proportions of the starting material and 
the reactant, the reaction conditions, such as reaction temperature and reaction pressure, and the like When 
the catalyst is continuously fed to the reaction zone of the continuous multi-stage distillation column, the cat- 
alyst is generally used in an amount of from 0.0001 to 50 % by weight, based on the total weight of the starting 
material and the reactant constituting the feedstock. When a solid catalyst disposed in the continuous multi- 
stage distillation column is employed, the catalyst is pref rably us d in an amount of from 0.01 1 75 % by 
volume, based on the volume of an empty distillation column. 

In th present inv ntion the reaction tak s plac within the continuous multi-stage distillation column in 
which the catalyst is present, and, therefore, th quantity of the reaction product generally dep nds on the 
amount of the hold-up liquid in the distillation column. That is, when the height and th diamet r fa distillation 
column are not changed, a greater hold-up capacity is pref rred because the greater the hold-up capacity. 
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the long rth residence time of the liquid phase, that is, the time during which the reaction is effected. How- 
ever, wh n th amount of the hold-up liquid is too large, th r sid nee time becom s too long, so that side 
reactions and flooding are lik ly to occur. Accordingly, in the present invention the amount of th hold-up liquid 

5 of the distillation column varies d pending on the distillation conditions and the type of the distillation column. 
Generally, however, the amount of the hold-up liquid is in the range of from 0.005 to 0.75 in terms of the volume 
ratio of the hold-up liquid to the empty continuous multi-stage distillation column. 

In the present invention, the average residence time of the liquid phase in the continuous multi-stage dis- 
tillation column depends on the reaction conditions, the type and inner structure (for example, the types of 

10 the plate and packing) of the continuous multi-stage distillation column, but is generally in the range of from 
0.001 to 50 hr, preferably from 0.01 to 10 hr, more preferably from 0.05 to 2 hr. 

The reaction temperature means the temperature of the inside of the continuous multi-stage distillation 
column. The reaction temperature varies depending on the types of the starting material and the reactant, but 
is generally chosen in the range of from 50 to 350 °C, preferably from 100 to 280 °C. The reaction pressure 

15 varies depending on the types of the starting material and reactant and the reaction temperature, and it may 
be any of a reduced pressure, an atmospheric pressure and a superatmospheric pressure. The pressure is 
generally in the range of from 13,3 Pa (0.1 mmHg) to 200 kg/cm 2 . 

It is not always necessary to use a solvent in the present invention. For the purpose of facilitating the re- 
action operation, an appropriate inert solvent, such as ethers, aliphatic hydrocarbons, aromatic hydrocarbons, 

20 halogenated aliphatic hydrocarbons and halogenated aromatic hydrocarbons, may be used as a reaction sol- 
vent. 

An inert gas, such as nitrogen, helium, argon and the like, may be present in the reaction system as a 
material inert to the reaction. Further, the above-mentioned inert gas and a reaction-inert low boiling point 
organic compound may be introduced in a gaseous form to the lower portion of the continuous multi-stage 

25 distillation column for the purpose of accelerating the distilling-off of a produced low boiling point by-product. 
In order to explain the process of the present invention illustratively, a mode of the process using a single 
continuous multi-stage distillation column is described below. The present invention, however, is not restricted 
to the following mode of the process. 

For example, as shown in Fig. 1, both a mixed feedstock comprised of a starting material and a reactant 

30 and a catalyst are continuously fed from feeding pipe 2 through preheater 5 to continuous multi-stage distil- 
lation column 1 provided with reboiler 10 and condenser 1 3, and the column bottom liquid is heated by re boiler 
10, thereby effecting reaction and distillation. A liquid component containing an aromatic carbonate which is 
a high boiling point product produced in the presence of the catalyst within the continuous multi-stage distil- 
lation column, is continuously withdrawn from the lower portion of the column as column bottom liquid 1 9. A 

35 gaseous component containing a low boiling point product which is a by-product is continuously withdrawn as 
column top gas 12, and condensed by condenser 13, and then continuously withdrawn as column top liquid 
1 6. A portion of the column top liquid may be ref luxed to the upper portion of the continuous multi-stage dis- 
tillation column from 15. 

As shown in Fig. 2, both a mixed feedstock comprised of a starting material and a reactant and a catalyst 
40 are continuously fed from feeding pipe 2 through preheater 5 to continuous multi-stage distillation column 1 , 
while the starting material or the reactant, whichever is lower in boiling point, is introduced from feeding pipe 
8', evaporized by evaporator 10' and then continuously fed to the lower portion of continuous multi-stage dis- 
tillation column 1, thereby effecting reaction and distillation. A liquid component containing an aromatic car- 
bonate which is a high boiling point product produced in the presence of a catalyst within the continuous multi- 
45 stage distillation column, is continuously withdrawn as column bottom liquid 19 from the lower portion of the 
column. A gaseous component containing a low boiling point product which is a reaction by-product is contin- 
uously withdrawn as column top gas 12 and condensed by condenser 13, and then continuously withdrawn 
as column top liquid 16. 

In the process of the present invention, a diaryl carbonate can be continuously produced with improved 
so efficiency from a dialkyl carbonate and an aromatic hydroxy compound by the use of a plurality of, particularly 
two, continuous multi-stage distillation columns. 

That is, in the second aspect of the present invention, there is provided a process according to the above- 
mentioned essential aspect of the present invention, wherein the continuous multi-stage distillation column 
is used as a first continuous multi-stage distillation column and has a second continuous multi-stage distil- 
55 lation column conn cted th re to and wherein th starting material and th reactant which are continuously 
fed to the first continuous multi-stag distillation column are, resp ctively, a dialkyl carbonate represented by 
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R 1 OCOR 1 

II 

O 

and an aromatic hydroxy compound represented by Ar 1 OH, the aromatic carbonate or aromatic carbonate mix- 
ture contained in the produced high boiling point reaction mixture continuously withdrawn from the lower por- 
tion of the first distillation column is an alkyl aryl carbonate represented by 

R 1 OCOAr 1 
1 

0 

in which R 1 and Ar 1 are as defined above, and the by-product contained in the produced low boiling point re- 
action mixture continuously withdrawn from the upper portion of the first distillation column is an aliphatic 
alcohol represented by R 1 OH, and which process further comprises continuously feeding the produced high 
boiling point reaction mixture continuously withdrawn from the lower portion of the first distillation column 
and containing the alkyl aryl carbonate represented by 

R 1 OCOAr 1 r 
0 

in which R 1 and Ar 1 are as defined above, and an alkyl aryl carbonate reactant represented by 

R 3 OCOAr 3 , 
0 

in which R 3 is the same as or different from R 1 and Ar 3 is the same as or different from Ar 1 with the proviso 
that R 3 and Ar 3 are, respectively, not simultaneously the same as R 1 and Ar 1 , to the second continuous multi- 
stage distillation column to effect a liquid phase and/or gas-liquid phase transesterification reaction there- 
between in the presence of a catalyst in the second distillation column, thereby producing a high boiling point 
reaction mixture containing a diaryl carbonate or diaryl carbonate mixture represented by 

Ar 1 OCOAr 1 f Ar 1 OCOAr 3 and/or Ar 3 OCOAr 3 # 

I I 5 

0 0 o 

in which Ar 1 and Ar 3 are as defined above, and a low boiling point reaction mixture containing a dialkyl carbonate 
by-product represented by 

R 1 OCOR 3 / R 1 OCOR 3 r 

a i 

0 0 



and/or 



R 3 OCOR 3 # 
I 

0 
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in which R 1 and R 3 ar as defined above, wherein the produced high boiling point reaction mixture is contin- 
uously withdrawn in a liquid form from a low r portion of the second distillation column and the low boiling 
point r action mixture is continuously withdrawn in a gaseous form from an upper portion of th second dis- 
tillation column by distillation. 

In the above-mentioned method according to the second aspect of the present invention, it is preferred 
that the catalyst be a catalyst which is soluble in the liquid phase, being present in a state dissolved in the 
liquid phase within at least one of the first continuous multi-stage distillation column and the second contin- 
uous multi-stage distillation column, and/or that the catalyst be a solid catalyst which is substantially insoluble 
in the liquid phase, being disposed, in a state undissolved in the liquid phase, within at least one of the first 
continuous multi-stage distillation column and the second continuous multi-stage distillation column. 

When R 3 is the same as R 1 and Ar 3 is different from Ar 1 , it is desirable to recycle the low boiling point re- 
action mixture withdrawn from the upper portion of the second continuous multi-stage distillation column and 
containing a dialkyl carbonate represented by 



R A OCOR J 

! 

o 

to the first continuous multi-stage distillation column. 

In the third aspect of the present invention, there is provided a process according to the above-mentioned 
essential aspect of the present invention, wherein the continuous multi-stage distillation column is used as a 
first continuous multi-stage distillation column and has a second continuous multi-stage distillation column 
connected thereto and wherein the starting material and the reactant which are continuously fed to the first 
continuous multi-stage distillation column are, respectively, a dialkyl carbonate represented by 



R A OCOR 1 
I 

O 

and an aromatic hydroxy compound represented by A^OH, the aromatic carbonate or aromatic carbonate mix- 
ture contained in the produced high boiling point reaction mixture continuously withdrawn from the lower por- 
tion of the first distillation column is an alkyl aryl carbonate represented by 

R 1 OCOAr 1 
II 

O 

in which R 1 and Ar 1 are as defined above, and the by-product contained in the produced low boiling point re- 
action mixture continuously withdrawn from the upper portion of the first distillation column is an aliphatic 
alcohol represented by R 1 OH, and which process further comprises continuously feeding the produced high 
boiling point reaction mixture continuously withdrawn from the lower portion of the first distillation column 
and containing the alkyl aryl carbonate represented by 

R 1 OCOAr 1 f 
I 

0 

to the second continuous multi-stage distillation column to effect a liquid phase and/or gas-liquid phase, same 
sp cies-int rmoleculartransesterification reaction between molecul softh alkyl aryl carb nat inthepres- 
nce of a catalyst in the second distillation column, th reby producing a high boiling point reaction mixtur 
containing a diaryl carbonate repr sented by 
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Ar A OCOAr 1 

I 

0 

in which Ar 1 is as defined above, and a low boiling point reaction mixture containing a dialkyl carbonate by- 
product represented by 



R^OCOR 1 , 
I 

0 

15 wherein the produced high boiling point reaction mixture is continuously withdrawn in a liquid form from a lower 
portion of the second continuous multi-stage distillation column and the low boiling point reaction mixture is 
continuously withdrawn by distillation in a gaseous form from an upper portion of the second continuous mufti- 
stage distillation column. 

In the above-mentioned third aspect as well, it is preferred to recycle the low boiling point reaction mixture 
20 withdrawn from the upper portion of the second continuous multi-stage distillation column and containing the 
dialkyl carbonate represented by 

R 1 OCOR 1 
I 

0 

to the first continuous multi-stage distillation column. 

In the method according to the above-mentioned third aspect, it is preferred that the catalyst be a catalyst 

30 which is soluble in the liquid phase, and is present in a state dissolved in the liquid phase within at least one 
of the first continuous multi-stage distillation column and the second continuous multi-stage distillation col- 
umn, and/or that the catalyst be a solid catalyst which is substantially insoluble in the liquid phase, and is dis- 
posed, in a state undissolved in the liquid phase, within at least one of the first continuous multi-stage distil- 
lation column and the second continuous multi-stage distillation column. 

35 When the catalyst is a catalyst which is soluble in the liquid phase, it is preferred that the catalyst be present 
in a state dissolved in the liquid phase within each of the first continuous multi-stage distillation column and 
the second continuous multi-stage distillation column, wherein the respective catalysts used in the first and 
second distillation columns are the same or different. 

When a catalyst which is soluble in the liquid phase of such a reaction system is used, it is desirable to 

40 add a catalyst separation step so as to enable the catalyst to be recycled. That is, when part or all of the catalyst 
used in the first continuous multi-stage distillation column is present in a state dissolved in the liquid phase, 
it is preferred that, in feeding to the second continuous multi-stage distillation column the high boiling point 
reaction mixture withdrawn in liquid form from the lower portion of the first distillation column, the withdrawn 
high boiling point reaction mixture in liquid form be introduced to a first evaporator to effect a separation of 

45 the reaction mixture into an evaporated component containing the alkyl aryl carbonate represented by 



R x OCOAr A , 
I 

50 0 

and a residual liquid having the catalyst dissolved therein, and that part or all of evaporated component be 
continuously fed to the second continuous multi-stage distillation column, while recycling part or all of the re- 
sidual liquid containing the dissolved catalyst to the first continuous multi-stage distillation column. 
55 The r sidual liquid s parat d by the first evaporator may contain a small amount of feedstock (a dialkyl 
carbonat and/or an aromatic hydroxy compound), an aromatic carbonate (an alkyl aryl carbonate and/or a 
diaryl carbonate) and other high boiling point by-products in addition to the catalyst compon nt. 

In the m thod according to this third aspect, when part or all of th catalyst present in the s cond contin- 
uous multi-stage distillation column is in a state dissolved in the liquid phas , it is pref rred to introduce th 
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high boiling point r action mixture withdrawn in liquid form from the lower portion of the s cond distillation 
column to a second evaporator to effect a separation of th reaction mixtur Into an vaporated component 
containing a diary! carbonate represented by 

5 

Ar 1 OCOAr 1 

» 

0 

10 

and a residual liquid having the catalyst dissolved therein, and thereafter to recycle part or all of the residual 
liquid containing the dissolved catalyst to the second continuous multi-stage distillation column. 

The residual liquid separated by the second evaporator may contain a small amount of each of an aromatic 
hydroxy compound, an alkyl aryl carbonate, a diaryl carbonate and other high boiling point by-products, in ad- 

15 dition to the catalyst component. 

Such catalyst separation and recycling steps may be applied to either one or both of the high boiling point 
reaction mixture withdrawn in liquid form from the lower portion of the first continuous multi-stage distillation 
column and the high boiling point reaction mixture withdrawn in liquid form from the lower portion of the second 
continuous multi-stage distillation colum. 

20 When other high boiling point by-products than the desired products are contained in these residual liquids 
containing the catalyst, part or all of the residual liquids may be taken-out and subjected to treatment for re- 
moving the high boiling point by-products prior to recycling the residual liquids. 

In the process of the present invention, the high boiling point reaction mixture containing the desired ar- 
omatic carbonate which is withdrawn from the lower portion of the continuous multi-stage distillation column, 

25 can be subjected to the conventional method for separation and purification, such as distillation, crystalliza- 
tion and the like, to thereby isolate the desired aromatic carbonate. 

Best Mode for Carrying Out the Invention 

30 The present invention will be described in greater detail with reference to the following examples, which 
should not be construed as limiting the scope of the present invention. 

Example 1 

35 A mixture of dimethyl carbonate, phenol and a catalyst was continuously fed in a liquid form to continuous 
multi-stage distillation column 1 at a position 1 m below the top thereof, which column was comprised of a 
packed column of 4 m in height and 3 inches in diameter and packed with a stainless steel-made Dixon packing 
(about 6 mm in diameter), from feeding pipe 2 through preheater 5 and conduit 6, as shown in Fig. 1. The ther- 
mal energy necessary for reaction and distillation was supplied by heating the liquid in the bottom of the dis- 

40 tillation column with reboiler 10 and circulating the heated liquid through conduit 11 . Reaction conditions are 
shown in Table 1. The liquid containing the catalyst and containing methyl phenyl carbonate and diphenyl car- 
bonate as reaction products was continuously withdrawn from bottom 18 of the distillation column through 
conduits 8 and 19. Results of the reaction are shown in Table 1 . The reaction liquid (reaction mixture) contained 
0.02 % by weight of anisol which was considered to have been formed by side reaction (decarboxylation re- 

45 action) of methyl phenyl carbonate. These results show that the selectivity for anisol relative to the phenol is 
0.8 %. Gas distilled from conduit 12 disposed at top 17 of the column was condensed by means of condenser 
13. A portion of the resultant condensate was recycled into distillation column 1 through conduit 15, and the 
rest of the condensate was continuously withdrawn through conduit 16. From the condensate, methanol was 
obtained as a low boiling point reaction product. 

50 

Comparative Example 1 

12.6 kg of a mixture having the same composition as used in Example 1 was charged from feeding pipe 
61 into autoclave type tank reactor 62 having a capacity of 15 liters and provided with distillation column 63 
55 of 1 m in height and 1 inch in diameter [packed with a stainless ste l-mad Dixson packing (about 6 mm in 
diameter)] and stirrer 71 as shown in Fig. 6. Tank reactor 62 was h ated by means of electric furnace 70, while 
stirring, so as to keep the temperatur of th mixture constant at 204 °C, ther by perform r action. The gas 
distilled from top 69 of distillation column 63 was led through conduit 64 into cond riser 65, in which conden- 
sation was ffect d. A portion of the resultant condensate was r cycled through conduits 66 and 67, and the 
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r stofth condensate was continuously withdrawn at a rat of 2.1 kg/hr through conduit 68. Reflux ratio was 
0.8. At the time wh n 4.2 kg of condensate was withdrawn, tank reactor 62 was cooled and the reaction mixture 
was withdrawn through conduit 72. The quantity of the withdrawn liquid was 8.4 kg. The ratio of th quantity 

5 of th liquid remaining in th tank r actor to that charged into th tank r actor in this Comparative Example 
was the same as the ratio of the quantity of the column bottom liquid withdrawn through conduit 19 to the 
quantity of the liquid fed through conduit 6 in Example 1 . The distillation rates of the distillates formed by con- 
densing the gaseous components were also the same. Analyses showed that the reaction mixture contained 
1 .8 % by weight of methyl phenyl carbonate, 0.01 % by weight of diphenyl carbonate and 0.07 % by weight of 

10 anisol. The amount of product obtained per kg of the reaction mixture and per hour was 9 g/kghr for methyl 
phenyl carbonate and 0.05 g/kg hr for diphenyl carbonate. The selectivity of the aromatic carbonate based on 
the phenol converted was 94 % for methyl phenyl carbonate and 1 % for diphenyl carbonate. The selectivity 
of the by-produced anisol based on the phenol converted was 5 %. When substantially the same reaction as 
mentioned above was conducted for 4 hr, the selectivity of the by-produced anisol changed to 7 %. 

15 From the results of Example 1, in which the production rate of methyl phenyl carbonate was 34 g/kg hr 
(97 % in selectivity), that of diphenyl carbonate 0.5 g/kg hr (2 % in selectivity) and the selectivity of the by- 
produced anisol was 0.8 % (constant independently of the lapse of the reaction time), it is apparent that the 
method of the present invention is an excellent method which can produce an aromatic carbonate not only at 
a high reaction rate in a high yield (high productivity per unit time) with a high selectivity but also in a continuous 

20 fashion, as compared with the method (Comparative Example 1) in which a batch type tank reactor provided 
only with a distillation column at an upper portion thereof is used. 

Examples 2 to 4 

25 Using the same apparatus as in Example 1, the reaction was carried out under the reaction conditions 
shown in Table 1. Results are shown in Table 1. 

Example 5 

30 A mixture of dimethyl carbonate, phenol and a catalyst was continuously fed in a liquid form to continuous 
multi-stage distillation column 1 at a position 1 m below the top thereof, which column was comprised of a 
packed column of 4 m in height and 3 inches in diameter and packed with a stainless steel-made Dixon packing 
(about 6 mm in diameter), from feeding pipe 2 through preheater 5, as shown in Fig. 2. Simultaneously, dime- 
thyl carbonate (which may contain a small amount of phenol) was introduced from feeding pipe 8' so as to 

35 continuously feed the same through evaporator 10' into the bottom portion of distillation column 1 in a gaseous 
form. Reaction conditions are shown in Table 2. High boiling point reaction products containing methyl phenyl 
carbonate and diphenyl carbonate as reaction products were continuously withdrawn from the bottom of the 
column through conduit 19. Gas distilled from the top of the column was led through conduit 12 into condenser 
13 in which the gas was condensed. Methanol as a low boiling point product, was obtained from the liquid 

40 which was continuously withdrawn through conduit 16. Results of the reaction are shown in Table 2. 

Examples 6 to 9 

Using the same apparatus as in Example 5, the reaction was carried out under the reaction conditions 
45 shown in Table 2. Results are shown in Table 2. 

Example 10 

A reaction was carried out in substantially the same manner as described in Example 5, except that a 20- 
so stage plate column of 6 m in height and 10 inches in diameter provided with sieve trays was used instead of 
a packed column as a continuous multi-stage distillation column as shown in Fig. 2 and the reaction was con- 
ducted under the reaction conditions indicated in Table 2. The feedstock mixture and catalyst to be introduced 
from feeding pipe 2 through preheater 5 were continuously fed to the column at a position 0.5 m below the 
top thereof. R suits are shown in Table 2. 

55 

Example 11 

A r action was continuously carried out in substantially the same manner as described in Example 1 ex- 
cept that a mixture of methyl ph nyl carbonate and a catalyst was continuously fed inst ad of a mixture of 
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dimethyl carbonate, phenol and a catalyst, and that the reaction was conducted und rthe reaction conditions 
indicated in Tabl 3. As a consequence of th r action, from column bottom 18 of the continuous multi-stage 
distillation column, a column bottom liquid containing catalyst compon nts and diphenyl carbonate as a desired 
product was continuously withdrawn through conduit 1 9. A condensate of gaseous components from th col- 
umn top was continuously withdrawn through conduit 16. This condensate contained a small amount of anisol, 
and the other component of the condensate was dimethyl carbonate as a low boiling point reaction product. 
The selectivity of the by-produced anisol based on the methyl phenyi carbonate converted was 0.7 %. Results 
of the reaction are shown in Table 3. 

Comparative Example 2 

To the same apparatus used in Comparative Example 1, 12.6 kg of a mixture of the same composition as 
used in Example 11 was charged through conduit 61. A react ion was conducted in substantially the same man- 
ner as described in Comparative Example 1, except that the liquid temperature was maintained at 195 °C dur- 
ing the reaction by heating tank reactor 62 by means of electric furnace 70 while stirring, that a condensate 
of gaseous components from the column top was continuously withdrawn through conduit 68 at a rate of 1 .0 
kg/hr, and the reflux ratio was 2.1 . The reaction was carried out for 3 hours from the start of the withdrawal, 
and 3.0 kg of condensate was withdrawn. After cooling tank reactor 62, the reaction mixture was withdrawn 
through conduit 72, which weighed 9.6 kg. The ratio of the amount of withdrawn condensate to that of with- 
drawn liquid from the tank reactor in this comparative example was the same as the ratio of the amount of 
withdrawn condensate from the column top to that of withdrawn liquid from the column bottom in Example 11 . 
Analyses showed that the reaction mixture contained 67.3 % by weight of diphenyl carbonate. The amount of 
diphenyl carbonate produced per kg of the reaction mixture and per hour was 224 g/kg hr. The selectivity of 
the diphenyl carbonate based on the methyl phenyl carbonate converted was 95 %. By the analysis of the 
condensate from the column top, by-produced anisol was detected. The selectivity of the anisol based on the 
methyl phenyl carbonate converted was 5 %. Comparison of this result with the result obtained in Example 
11 shows that diary! carbonate can be produced at a higher yield and with a higher selectivity according to 
the process of the present invention. 

Examples 12 to 17 

Using the same apparatus used in Example 11, the experiment was carried out under the reaction con- 
ditions indicated in Table 3. Results are shown in Table 3. 

Example 18 

Using the same apparatus used in Example 5, a reaction was carried out in substantially the same manner 
as described in Example 5 by continuously feeding a mixture of methyl phenyl carbonate and a catalyst from 
feeding pipe 2 through preheater 5, and further introducing methyl phenyl carbonate from feeding pipe 8' so 
as to continuously feed through evaporator 10' and conduit 11 to the column bottom of distillation column 1 
in a gaseous form. Reaction conditions are indicated in Table 4. A liquid containing diphenyl carbonate as a 
reaction product was continuously withdrawn from the bottom of the continuous multi-stage distillation col- 
umn. Further, the gas distilled from the top of the column was condensed by means of condenser 13, and 
continuously withdrawn through conduit 16. From the thus obtained condensate, dimethyl carbonate was ob- 
tained as a low boiling point reaction product. Results are shown in Table 4. 

Examples 19 to 20 

Using the same apparatus as used in Example 18, a reaction was carried out under the reaction conditions 
indicated in Table 4. Results are shown in Table 4. 

In Example 19, the reaction was carried out by introducing phenol from feeding pipe 8'. As a result, me- 
thanol and dimethyl carbonate were contained in the condensate from the top of the column. 

Example 21 

A reaction was carri d out in substantially the same manner as described in Example 18, except that the 
sam plat column used in Exampl 10 was us d as a continuous multi-stage distillation column, that a fe d- 
stock and a catalyst wer continuously fed into the column at a position 0.5 m below the top thereof, and the 
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reaction conditions w re as shown in Table 4. Results are shown in Table 4..cp5 
Exampl 22 

5 

(Preparation of catalyst) 

20 kg of diphenyl carbonate and 4 kg of lead monoxide were heated at 1 80 °C for 5 hours to evolve carbon 
dioxide gas. Then, the most part of the remaining diphenyl carbonate was distilled off under a pressure of 1,3 
10 kPa (10 mmHg), and the resultant product was allowed to cool down in a nitrogen atmosphere, thereby ob- 
taining a catalyst (Catalyst A). 

(Production of diphenyl carbonate) 

15 An apparatus comprising two continuous multi-stage distillation columns as shown in Fig. 3 was em- 
ployed. Reaction was performed by continuously feeding in a liquid form a mixture of dimethyl carbonate, phe- 
nol and Catalyst A to first continuous multi-stage distillation column V at a position 1 m below top 17 thereof, 
which column was comprised of a packed column of 4 m in height and 3 inches in diameter and packed with 
stainless steel-made Dixon packing (diameter: about 6 mm), from material feeding pipe 2 through conduit 4, 

20 preheater 5 and conduit 6, thereby allowing the mixture to flow down the inside of the first continuous multi- 
stage distillation column. The thermal energy necessary for reaction and distillation was supplied by circulat- 
ing the column bottom liquid through conduits 8 and 9, reboiler 10 where heating was effected and conduit 
11. The gas continuously distilled from column top 17 was led through conduit 12 to condenser 13 where the 
gas was condensed. A portion of the resultant condensate was recycled to first continuous multi-stage distil- 

25 lation column V through conduits 14 and 15 and the rest of the condensate was continuously withdrawn 
through conduit 16. From the withdrawn condensate, a low boiling point component containing methanol which 
was a low boiling point reaction product was obtained. A high boiling point component containing the catalyst 
component and methyl phenyl carbonate was continuously withdrawn from column bottom 18 through conduits 
8 and 19. 

30 Next, reaction was performed by continuously feeding in a liquid form the liquid withdrawn from the bottom 

of the first reaction distillation column to second continuous multi-stage distillation column 20 at a position 1 
m below column top 26, which column was comprised of a packed column of 4 m in height and 3 inches in 
diatemer and packed with stainless steel-made Dixon packing (diameter about 6 mm), through conduit 19, 
thereby allowing the liquid to flown down the inside of the second continuous multi-stage distillation column. 
35 The thermal energy necessary for distillation was supplied by circulating the column bottom liquid through 
conduits 28 and 29, reboiler 30 where heating was effected, and conduit 31 . In this second continuous multi- 
stage distillation column, the catalyst which had been used in the first continuous multi-stage distillation col- 
umn for the formation of an alkyl aryi carbonate and which had not been separated, as such, was utilized as 
a catalyst for the formation of a diary! carbonate. The gas containing dimethyl carbonate, which was contin- 
ue uously disti lied from column top 26, was led through conduit 21 to condenser 22 where the gas was condensed. 
Aportion of the condensate was recycled to second continuous multi-stage distillation column 20through con- 
duits 23 and 24. The rest of the condensate was continuously withdrawn through conduits 23 and 25 and re- 
cycled to first continuous multi-stage distillation column V through conduit 4, preheater 5 and conduit 6. A 
high boiling point component containing the catalyst and diphenyl carbonate was continuously withdrawn from 
45 bottom 27 of second continuous multi-stage distillation column 20 through conduits 28 and 32. The conditions 
for reaction and the results attained after the steady state, are shown in Table 5. 

Example 23 

so (Preparation of catalyst) 

20 kg of phenol and 4 kg of dibutyltin oxide were heated at 180 °C for 10 hours while distilling off water 
being formed together with phenol. Then, the most part of the remaining phenol was distilled off under at- 
mospheric pressure, and the r sultant product was allowed to cool in a nitrogen atmosphere, thereby obtaining 
55 a catalyst (Catalyst B). 

(Production of diphenyl carbonat ) 

Using th sam apparatus as in Exampl 22, substantially the same proc dure as in Exampl 22wasper- 
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formed except that Catalyst B was employed instead of Catalyst A. The r action conditions and the results 
attained after the steady state had been reached, are shown in Tabl 5. 

5 Example 24 

(Preparation of catalyst) 

20 kg of methyl phenyl carbonate and 4 kg of plumbous acetate were heated at 1 80 °C for 1 0 hours. Then, 
10 the most part of the remaining methyl phenyl carbonate was distilled off under a pressure of 13 kPa (100 
mmHg), and the resultant product was allowed to cool in a nitrogen atmosphere, thereby obtaining a catalyst 
(Catalyst C). 

(Production of diphenyl carbonate) 

15 

The apparatus shown in Fig. 4 was employed. Reaction was performed by continuously feeding in a liquid 
form a mixture of dimethyl carbonate, phenol and Catalyst C to first continuous multi-stage distillation column 
V at a position 1 m below column top 17, which column was comprised of a packed column of 4 m in height 
and 3 inches in diameter and packed with stainless steel-made Dixon packing (diameter: about 6 mm), from 

20 material feeding pipe 2 through conduit 4, pre-heater5 and conduit 6, thereby allowing the mixture to flow down 
the inside of first continuous multi-stage distillation column 1'. The thermal energy necessary for reaction and 
distillation was supplied by circulating through conduit 9', evaporator 1 0' where heating was effected and con- 
duit 11 , a portion of the dimethyl carbonate-containing low boiling point component returned from second con- 
tinuous multi-stage distillation column 20 described below, together with fresh dimethyl carbonate fed from 

25 feeding pipe 8'. The gas distilled from column top 17 was led through conduit 12 to condenser 13 where the 
gas was condensed, and the condensate was continuously withdrawn through conduit 16. From the conden- 
sate, a low boiling point reaction mixture containing methanol which was a reaction product was obtained. A 
high boiling point reaction mixture containing methyl phenyl carbonate and catalyst components was contin- 
uously withdrawn from column bottom 18 through conduit 19. 

30 Next, a reaction was performed by continuously feeding in a liquid form the liquid withdrawn from the bot- 

tom of first continuous multi-stage distillation column V to second continuous multi-stage distillation column 
20 at a position 1 m below column top 26, which column was comprised of a packed column of 4 m in height 
and 3 Inches in diameter and packed with stainless steel-made Dixon packing (diameter: about 6 mm), through 
conduit 19, thereby allowing the liquid to flow down the inside of second continuous multi-stage distillation 

35 column 20. The thermal energy necessary for distillation was supplied by circulating the column bottom liquid 
through conduits 28 and 29, reboiler 30 where heating was effected, and conduit 31 . In this second continuous 
multi-stage distillation column 20, the catalyst used in first continuous multi-stage distillation column V for 
the formation of an alkyl aryi carbonate and which had not been separated, was utilized as it was, as a catalyst 
for the formation of a diaryl carbonate. The gas containing dimethyl carbonate, which was continuously dis- 

40 tilled from column top 26, was led through conduit 21 to condenser 22 where the gas was condensed. A portion 
of the condensate was recycled to second continuous multi-stage distillation column 20 through conduits 23 
and 24. The rest of the condensate was continuously withdrawn through conduits 23 and 25 and recycled to 
first cont inuous multi-stage disti Hat ion column 1 ' through conduits 3 and 4, preheater 5 and conduit 6. A portion 
of the condensate withdrawn through conduit 25 was recycled to the lower portion of continuous multi-stage 

45 distillation column V through conduit 7 and evaporator 10'. A high boiling point reaction mixture containing 
the catalyst component and diphenyl carbonate was continuously withdrawn from bottom 27 of second con- 
tinuous multi-stage distillation column 20 through conduits 28 and 32. The reaction conditions and the results 
attained after the steady state, are shown in Table 5. 

so Example 25 

Using the same apparatus as in Example 24, substantially the same procedure as in Example 24 was per- 
formed except that p-cresol was employed instead of phenol. The reaction conditions and the results attained 
after the steady stat , are shown in Table 5. 

55 

Exampl 26 

Using the same apparatus as in Example 24, substantially th same procedure as in Example 24 was per- 
formed xcept that di thyl carbonat was employed instead of dimethyl carbonat . The reaction conditions 
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and the results attained after the steady state, are shown in Table 5. 
Exampl 27 

5 

(Preparation of catalyst) 

15 kg of phenol, 5 kg of methyl phenyl carbonate, and 4 kg of dibutyltin oxide were heated at 180 °C for 
1 0 hours while distilling off water being formed together with phenol. Then, the most part of each of the re- 
10 maining phenol and the remaining methyl phenyl carbonate was distilled off under atmospheric pressure, and 
the resultant product was allowed to cool in a nitrogen atmosphere, thereby obtaining a catalyst (Catalyst D). 

(Production of diphenyl carbonate) 

15 Using the same apparatus as in Example 24, substantially the same procedure as in Example 24 was per- 
formed except that Catalyst D was employed instead of Catalyst C. The reaction conditions and the results 
attained after the steady state, are shown in Table 5. 

Example 28 

20 

Using the same apparatus as in Example 24, substantially the same procedure as in Example 24 was per- 
formed except that tetraphenoxy titanium was employed instead of Catalyst C. The reaction conditions and 
the results attained after the steady state, are shown in Table 5. 

25 Example 29 

(Preparation of catalyst) 

20 kg of phenol and 4 kg of lead monoxide were heated at 180 °C for 10 hours while distilling off water 
30 being formed together with phenol, thereby obtaining a catalyst (Catalyst E). 

(Production of diphenyl carbonate) 

An apparatus as shown in Fig. 5 was employed. Reaction was performed by continuously feeding in a 

35 liquid form a mixture of dimethyl carbonate, phenol and Catalyst E to first continuous multi-stage distillation 
column V at a position 0.5 m below column top 17, which column was comprised of a 20-plate column of 6 m 
in height and 1 0 inches in diameter and provided with sieve trays, from material feeding pipe 2 through conduits 
4 and 39, preheater 5 and conduit 6, thereby allowing the mixture to flow down the inside of the first continuous 
multi-stage distillation column 1'. The thermal energy necessary for reaction and distillation was supplied by 

40 heating wit h evaporator 10' a portion of the low boiling point reaction mixture returned from second continuous 
multi-stage distillation column 20 described below through conduits 24, 25 and 7, together with fresh dimethyl 
carbonate fed from feeding pipe 8' and through conduit 9', and circulating the heated mixture through conduit 
11. The gas distilled from column top 17 was led through conduit 12 to condenser 13 where the gas was con- 
densed, and the condensate was continuously withdrawn through conduit 16. From the withdrawn condensate, 

45 a low boiling point reaction mixture containing methanol which was a low boiling point reaction product was 
obtained. The reaction mixture continuously withdrawn from column bottom 1 8 was introduced into evaporator 
33 through conduit 19. The residual liquid in evaporator 33 containing the catalyst for the formation of methyl 
phenyl carbonate was returned from the bottom of evaporator 33 to first continuous multi-stage distillation 
column 1 ' through conduits 34, 38 and 39, preheater 5 and conduit 6. The feeding of catalyst E through conduit 

50 2 was stopped at the time when the concentration of the catalyst being recycled had reached a predetermined 
value. 

The vaporized product containing methyl phenyl carbonate generated in evaporator 33 by circulating a 
portion of the residual liquid flowing out of evaporator 33 through conduit 34, to evaporator 33 through conduit 
35, reboil r 36 and conduit 37, was continuously f d to second continuous multi-stag distillation column 20 
55 compris d of a plat column f 6 m in height and 10 inches in diameter and provided with a 20-stag sieve 
tray, through conduit 40 and from feeding pipe 41 position d 1.5 m below column top 26. Th catalyst (Catalyst 
E) for the formation of diaryl carbonate was continuously fed in a liquid form to s cond continuous multi-stage 
distillation column 20 through conduit 51 and from feeding pipe 48 positioned 1.5 m below the column top. 
Th most part of the gaseous m thyl phenyl carbonate fed to s cond continuous multi-stag distillation column 
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20 is liquefied in the column and the resultant liquid flows down th inside of the column together with the 
catalyst, thereby effecting the r action. The thermal nergy n cessary for reaction and distillation was sup- 
pli d by circulating th column bottom liquid from column 20 through conduits 28 and 29, reboiler 30 where 

5 th liquid was heat d, and conduit 31 so that th liquid was return d to column 20. Alow boiling point reaction 
mixture containing dimethyl carbonate and continuously distilled from column top 26 was led through conduit 

21 to condenser 22 where condensation was effected. A portion of the resultant condensate was recycled to 
second continuous multi-stage distillation column 20 through conduits 23 and 24. The rest of the condensate 
was continuously withdrawn through conduits 23 and 25 and recycled to first continuous multi-stage distilla- 
te? tion column 1' through conduits 3, 4 and 39, preheater 5 and conduit 6. A portion of the condensate continu- 
ously withdrawn through conduit 25 was recycled to the lower portion of first continuous multi-stage distillation 
column V through conduits 7 and 9', evaporator 10' and conduit 11. A high boiling point reaction mixture con- 
taining the catalyst and diphenyl carbonate and which was continuously withdrawn from bottom 27 of second 
continuous multi-stage distillation column 20 was introduced to second evaporator 42 through conduits 28 

15 and 32. The vaporized product generated in evaporator 42 by circulating a portion of the residual liquid flowing 
out of evaporator 42 through conduit 43, to evaporator 42 through conduit 44, reboiler 45 and conduit 46, was 
continuously withdrawn in a liquid form through conduit 52, condenser 49 and conduit 50. The vaporized prod- 
uct contained diphenyl carbonate as the main ingredient. The residual liquid in evaporator 42 containing the c 
atalyst for the formation of diaryl carbonate was recycled from the bottom of evaporator 42 to second contin- 

20 uous multi-stage distillation column 20 through conduits 43, 47 and 48. The feeding of catalyst E through con- 
duit 51 was stopped when the concentration of the catalyst being recycled had reached a predetermined value. 
The flow rates and the compositions at portions of the apparatus are shown in Table 6. The reaction conditions 
and the results attained after the steady state had been reached, are shown in Table 7. 

25 Example 30 

(Preparation of catalyst) 

5 kg of y-alumina (manufactured and sold by Nikki Co., Japan; Product No.611 N) was packed into a cylinder 
30 made of quartz glass (length: 100 cm; diameter:10 cm) and the cylinder was placed in a tubular furnace. The 
inside of the furnace was flushed with nitrogen and the furnace was heated at 200 °C for 5 hours, thereby 
drying the y-alumina. Next, into the cylinder, which had been heated to 200 °C, was introduced a (20 wt%) 
benzene solution of tetramethoxy si lane for 10 hours at a flow rate of 50 ml/hr, thereby treating the y-alumina. 
The thus treated product was allowed to cool down in a nitrogen atmosphere, thereby obtaining a catalyst (Cat- 
35 alystF). 

(Production of diphenyl carbonate) 

Substantially the same procedure as in Example 24 was performed except that a packed column of 2 m 
AO in height and 1 .5 inches in diameter and packed with Catalyst F was employed as each of the first continuous 
multi-stage distillation column and the second continuous multi-stage distillation column. The reaction con- 
ditions and the results attained after the steady state had been reached, are shown in Table 5. 

Comparative Example 3 

45 

Into the same apparatus as used in Comparative Example 1, which apparatus is shown in Fig.6, charged 
through conduit 61 was 12.8 kg of a mixture of the same composition as used in Example 23. Reaction was 
effected in substantially the same manner as in Comparative Example 1 by heating tank reactor 62 by means 
of electric furnace 70, while stirring, except that the temperature of the reaction mixture was kept constant 

so at 202 °C and that the condensate was continuously withdrawn through conduit 68 at a rate of 1 .0 kg /hr. At 
the time when the amount of the condensate withdrawn from the reactor had become 12.1 kg, tank reactor 
62 was cooled down and the reaction mixture was withdrawn through conduit 72. The quantity of the withdrawn 
reaction mixture was 0.7 kg. The ratio of the quantity of the reaction mixture remaining in the tank reactor to 
thatcharg d into the tank reactor in this Comparative Exampl 3wasth same as th ratio of th quantity of 

55 the column bottom liquid withdrawn through conduit 28 to th quantity of th liquid fed through conduit 6 in 
Example 23. Analysis show d that the reaction mixtur c ntained 14.0 % by weight of formed diph nyl car- 
bonat . The amount of diphenyl carbonate formed per kg of the reaction mixture and per hour was 12 g/kg hr. 
Th selectivity of the diphenyl carbonate based on the phenol converted was 83 %. Analysis of the column 
top condensate showed that anisol had b en by-produced with a sel ctivity of 8 % bas d on the phenol con- 
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vert d. 

Comparison of the abov r suits with the r suits of Exampl 23 (th production rate of diphenyl carbonate: 
524 g/kghr; selectivity: 95 %) shows that th method of the pres nt invention is an xcellent method which 
5 can produce diphenyl carbonate not only at a high reaction rat with a high s I ctivity in a high yi Id but also 
in a continuous fashion. 
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Example 31 

Using a distillation column as shown in Fig.2 as the first continuous multi-stage distillation column, a mix- 
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tureofdim thyl carb nate, para-cresol and Pb(OPh) 2 [46 % by weight of dim thyi carbonate, 54 % by weight 
of para-cresol, and 10 mmol/kg of PbfOPrOJ was continuously fed at 7.0 kg/hr from f edlng pip 2 through 
preheater 5, and simultaneously, dim thyl carbonat was continuously f d at 2.8 kg/hr from feeding pipe 8' 

5 through evaporator 10' and conduit 11, thereby ffecting reaction at a t mp rature at column bottom of 205 
°C and at a pressure at column top of 6 kg/cm 2 - G, while continuously withdrawing as a condensate a gas com- 
ponent containing methanol at 5.0 kg/hr from column top 17 through conduit 12 and condenser 13, and on the 
other hand, continuously withdrawing a column bottom liquid containing 30 % by weight of methyl tolyl car- 
bonate at 4.8 kg/hr from the column bottom through conduit 19. 

10 Substantially the same operation was performed using diethyl carbonate, phenol and Pb(OPh) 2 , to thereby 
obtain a column bottom liquid containing 28.8 % weight of ethyl phenyl carbonate. 

Adistillation column as shown in Fig. 1 was used as the second continuous multi-stage distillation column, 
and the column bottom liquid from the first continuous multi-stage distillation column was continuously fed 
to the second continuous multi-stage distillation column at 4.8 kg/hr from feeding pipe 2 through preheater 5 

15 and conduit 6. Simultaneously, the above-mentioned column bottom liquid containing ethyl phenyl carbonate 
was continuously fed at 5.0 kg/hr from the same feeding pipe 2. The temperature at the bottom of the second 
continuous multi-stage distillation column was 200 °C, and the pressure at column top 17 was 26 kPa (200 
mmHg). A gas component containing dimethyl carbonate, diethyl carbonate and methyl ethyl carbonate was 
continuously withdrawn as a condensate at 7.7 kg/hr from column top 17 through conduit 12, condenser 13 

20 and conduits 14 and 16. On the other hand, the column bottom liquid was continuously withdrawn at 2.1 kg/hr 
through conduits 8 and 19. 88 % by weight of the column bottom liquid was diary! carbonate comprising di- 
phenyl carbonate, ditolyf carbonate and phenyl tolyl carbonate, and the proportions of diphenyl carbonate:di- 
tolyl carbonate:phenyl tolyl carbonate were about 1:1:0.8. 

25 Example 32 

By substantially the same operation as that employed with the first continuous multi-stage distillation col- 
umn in Example 25, a column bottom liquid containing methyl tolyl carbonate was continuously withdrawn at 
4.8 kg/hr from dimethyl carbonate and para-cresol, and the withdrawn liquid was continuously fed to the sec- 

30 ond continuous multi-stage distillation column while methyl phenyl carbonate was continuously fed to the sec- 
ond continuous multi-stage distillation column at 1.36 kg/hr through conduit 19. The reaction conditions in the 
second continuous multi-stage column were substantially the same as those of Example 25. From the time 
when methyl phenyl carbonate was added, the amount of dimethyl carbonate in the feed liquid fed from feeding 
pipe 2 was gradually decreased so as to obtain a rate of 0.38 kg/hr. Instead, the amount of dimethyl carbonate 

35 in the feed liquid from conduit 6 was increased by 0.36 kg/hr. The increase was due to the fact that the reaction 
in the second continuous multi-stage distillation column, in which transesterif ication occurred between methyl 
tolyl carbonate and methyl phenyl carbonate, caused an increase in the amount of the dimethyl carbonate 
formed as a low boiling point by-product. 

On the other hand, the column bottom liquid containing 90 % by weight of diaryl carbonate comprised of 

ao diphenyl carbonate, ditolyl carbonate and phenyl tolyl carbonate was continuously withdrawn at 2 kg/hr from 
the bottom of the second continuous multi-stage distillation column. The proportions in the diaryl carbonate 
of diphenyl carbonate: ditolyl carbonate:phenyl tolyl carbonate were about 1:1:0.75. 

Brief Description of the Drawings 

45 

Fig. 1 , Fig. 2, Fig. 3, Fig. 4 and Fig. 5 are diagrams showing various modes of processes for practicing the 
process of the present invention; and 

Fig. 6 is a diagram of a reactor apparatus for use in the conventional process described in Comparative 
Examples 1, 2 and 3. 

50 

Industrial Applicability 

The process of the present invention in which a continuous multi-stage distillation column is used to con- 
tinuously produce an aromatic carbonat at a high reaction rat , with a highs lectivity and in a high yield, can 
55 be advantag ously utilized in the mass production of an aromatic carbonate, which is useful as a material for 
the production of aromatic polycarbonates, whos utility as engine ring plastics is increasing in recent y ars, 
without using poisonous phosgene or as a material for the production of various isocyanates without using 
poisonous phosg ne. 
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10 



25 



Claim 

1. A proc ss for producing an aromatic carbonat which compris s trans sterifying a starting material se- 
lected from the group consisting of a dialkyl carbonat represented by 

R 1 OCOR 1 / 
0 



an alkyl aryl carbonate represented by 

is R 2 OCOAr 2 

I 

0 

and a mixture thereof with a reactant selected from the group consisting of an aromatic hydroxy com- 
20 pound represented by Ar 1 OH, an alkyl aryl carbonate represented by 

R 3 OCOAr 3 



I 

O 



and a mixture thereof, wherein each of R 1 , R 2 and R 3 independently represents an alkyl group having 1 
to 10 carbon atoms, an alicyclic group having 3 to 10 carbon atoms or an aralkyl group having 6 to 10 
carbon atoms and each of Ar 1 , Ar 2 and Ar 3 independently represents an aromatic group having 5 to 30 
30 carbon atoms, to thereby produce an aromatic carbonate or aromatic carbonate mixture corresponding 

to the starting material and the reactant and represented by 



ROCOAr 
O 

and/or 

40 

Ar OCOAr , 
0 

45 wherein R and Ar are, respectively, selected from R 1 , R 2 and R 3 and selected from Ar 1 , Ar 2 and Ar 3 in cor- 

respondence to the starting material and the reactant and produce an aliphatic alcohol, a dialkyl carbonate 
or a mixture thereof corresponding to the starting material and the reactant and represented by ROH 
and/or 

50 

ROCOR, 
O 

55 wh r in R is as def in d above, as a by-product, charact rized in that said starting mat rial and said re- 

actant are continuously fed t a continuous multi-stag distillation column to eff ct a liquid phase and/or 
gas-liquid phase transesterif ication r action therebetween in the presence of a catalyst in said distillation 
column, while continuously withdrawing a high boiling point r action mixtur containing th produced ar- 
omatic carbonat or aromatic carbonat mixture in a liquid form from a lower portion of th distillation 
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column and continuously withdrawing a low boiling point reaction mixture containing th by-product in a 
gaseous form from an upp r portion of th distillation column by distillation, thereby nabling the aro- 
matic carbonate or aromatic carbonate mixtur to be produc d continuously. 

The process according to claim 1, characterized in that said catalyst is a catalyst which is soluble in said 
liquid phase, and is present in a state dissolved in said liquid phase within the continuous multi-stage dis- 
tillation column, and/or that said catalyst is a solid catalyst which is substantially insoluble in said liquid 
phase, and is disposed, in a state undissolved in said liquid phase, within the continuous multi-stage dis- 
tillation column. 

The process according to claim 1, characterized in that said continuous multi-stage distillation column 
is used as a first continuous multi-stage distillation column and has a second continuous multi-stage dis- 
tillation column connected thereto and that the starting material and the reactant which are continuously 
fed to the first continuous multi-stage distillation column are, respectively, a dialkyl carbonate represent- 
ed by 



R OCOR 
I 

0 

and an aromatic hydroxy compound represented by Ar 1 OH, the aromatic carbonate or aromatic carbonate 
mixture contained in the produced high boiling point reaction mixture continuously withdrawn from the 
lower portion of the first distillation column is an alkyl aryl carbonate represented by 



R^COAr 1 
I 

0 

in which R 1 and Ar 1 are as defined above, and the by-product contained in the produced low boiling point 
reaction mixture continuously withdrawn from the upper portion of the first distillation column is an ali- 
phatic alcohol represented by R 1 OH, and which process further comprises continuously feeding the pro- 
duced high boiling point reaction mixture continuously withdrawn from the lower portion of the first dis- 
tillation column and containing the alkyl aryl carbonate represented by 



R 1 OCOAr 1 / 
I 

0 

in which R 1 and Ar 1 are as defined above, and an alkyl aryl carbonate reactant represented by 

R 3 OCOAr 3 , 
O 

in which R 3 is the same as or different from R 1 and Ar 3 is the same as or different from Ar 1 with the proviso 
that R 3 and Ar 3 are, respectively, not simultaneously the same as R 1 and Ar 1 , to the second continuous 
multi-stage distillation column to effect a liquid phase and/or gas-liquid phase transesterification reaction 
therebetween in the presence of a catalyst in said second distillation column, thereby producing a high 
boiling point reaction mixture containing a diaryl carbonate ordiaryl carbonate mixture represented by 



Ar 1 OCOAr 1 / Ai^OCOAr 3 and/or Ar 3 OCOAr 3 , 
II | 
0 0 o 
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in which Ar 1 and Ar 3 are as d fined above, and a low boiling point reaction mixture containing a dialkyl 
carbonat by-product r pr sent d by 

R 1 OCOR 3 / I^OCOR 3 

I I 

O 0 

and/or 

R 3 OCOR 3 , 
0 

in which R 1 and R 3 are as defined above, wherein the produced high boiling point reaction mixture is con- 
tinuously withdrawn in a liquid form from a lower portion of said second distillation column and the low 
boiling point reaction mixture is continuously withdrawn in a gaseous form from an upper portion of said 
second distillation column by distillation. 

The process according to claim 3, characterized in that said catalyst is a catalyst which is soluble in said 
liquid phase, and is present in a state dissolved in said liquid phase within at least one of the first contin- 
uous multi-stage distillation column and the second continuous multi-stage distillation column, and/or 
that said catalyst is a solid catalyst which is substantially insoluble in said liquid phase, and is disposed, 
in a state undissolved in said liquid phase, within at least one of the first continuous multi-stage distillation 
column and the second continuous multi-stage distillation column. 

The process according to clai m 3 or 4, characterized in that R 3 is the same as R 1 and Ar 3 is different from 
Ar 1 , and which process further comprises recycling the low boiling point reaction mixture withdrawn from 
the upper portion of the second continuous multi-stage distillation column and containing a dialkyl car- 
bonate represented by 



R A OCOR J 
I 

0 

to the first continuous multi-stage distillation column. 

The process according to claim 1, characterized in that said continuous multi-stage distillation column 
is used as a first continuous multi-stage distillation column and has a second continuous multi-stage dis- 
tillation column connected thereto and that the starting material and the reactant which are continuously 
fed to the first continuous multi-stage distillation column are, respectively, a dialkyl carbonate represent- 
ed by 



R A OCOR x 
I 

0 

and an aromatic hydroxy compound represented by Ar 1 OH, the aromatic carbonate or aromatic carbonate 
mixture contained in the produced high boiling point reaction mixture continuously withdrawn from the 
lower portion of the first distillation column is an alkyl aryl carbonate represented by 
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R 1 OCOAr 1 
I 

0 

in which R 1 and Ar 1 are as defined above, and the by-product contained in the produced low boiling point 
reaction mixture continuously withdrawn from the upper portion of the first distillation column is an ali- 
phatic alcohol represented by R 1 OH, and which process further comprises continuously feeding the pro- 
duced high boiling point reaction mixture continuously withdrawn from the lower portion of the first dis- 
tillation column and containing the alkyl aryl carbonate represented by 

R 1 OCOAr 1 , 
0 

in which R 1 and Ar 1 are as defined above, to the second continuous multi-stage distillation column to ef- 
fect a liquid phase and/or gas-liquid phase, same species- inter molecular transesterif ication reaction be- 
tween molecules of the alkyl aryl carbonate in the presence of a catalyst in said second distillation column, 
thereby producing a high boiling point reaction mixture containing a diaryl carbonate represented by 



Ar x OCOAr a , 
0 

in which Ar 1 is as defined above, and a low boiling point reaction mixture containing a dialkyl carbonate 
by-product represented by 

R 1 OCOR 1 / 
0 

in which R 1 is as defined above, wherein the produced high boiling point reaction mixture is continuously 
withdrawn in a liquid form from a lower portion of said second continuous multi-stage distillation column 
and the low boiling point reaction mixture is continuously withdrawn in a gaseous form from an upper 
portion of said second continuous multi-stage distillation column. 

The process according to claim 6, characterized in that the process further comprises recycling the low 
boiling point reaction mixture withdrawn from the upper portion of said second continuous multi-stage 
distillation column and containing the dialkyl carbonate represented by 

R 1 OCOR 1 
I 

O 

to said first continuous multi-stage distillation column. 

The process according to claim 6 or 7, characterized in that said catalyst is a catalyst which is soluble in 
said liquid phase, and is present in a state dissolved in said liquid phase within at least one of the first 
continuous multi-stag distillation column and th s cond continuous multi-stage distillation column, 
and/or that said catalyst is a solid catalyst which is substantially insoluble in said liquid phase, and is dis- 
posed, in a state undissolv d in said liquid phas , within at I ast one of th first continuous multi-stag 
distillation column and the second continuous multi-stage distillation column. 
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9. Th process according to claim 8, characterized in that said catalyst is a catalyst which is s lubl in said 
liquid phas , and is present in a state dissolv d in said liquid phase within each of the first continuous 
multi-stage distillation column and th second continuous multi-stag distillation column, wherein the 
resp ctiv catalysts us dinth first and s cond distillation columns are th same or diff rent. 

10. The process according to claim 6 or 7, characterized in that part or all of the catalyst used in the first 
continuous multi-stage distillation column is present in a state dissolved in said liquid phase and that, in 
feeding to the second continuous multi-stage distillation column the high boiling point reaction mixture 
withdrawn in liquid form from the lower portion of the first distillation column, the withdrawn high boiling 
point reaction mixture in liquid form is introduced to a first evaporator to effect a separation of said reac- 
tion mixture into an evaporated component containing the alkyl aryl carbonate represented by 



R OCOAx 
I 

0 

and a residual liquid having the catalyst dissolved therein, and part or all of said evaporated component 
is fed to the second continuous multi-stage distillation column, while recycling part or all of the residual 
liquid containing the dissolved catalyst to the first continuous multi-stage distillation column. 

11. The process according to claim 6 or 7, characterized in that part or all of the catalyst used in the second 
continuous multi-stage distillation column is present in a state dissolved in said liquid phase, and that 
the process further comprises introducing the high boiling point reaction mixture withdrawn in liquid form 
from the lower portion of the second distillation column to a second evaporator to effect a separation of 
said reaction mixture into an evaporated component containing a diaryl carbonate represented by 

Ar 1 OCOAr 1 

I 

O 

and a residual liquid having said catalyst dissolved therein, and recycling part or all of the residual liquid 
containing the dissolved catalyst to the second continuous multi-stage distillation column. 

12. The process according to claim 10, characterized in that part or all of the catalyst used in the second con- 
tinuous multi-stage distillation column is present in a state dissolved in said liquid phase, and that the 
process further comprises introducing the high boiling point reaction mixture withdrawn in liquid form 
from the lower portion of the second distillation column to a second evaporator to effect a separation of 
said reaction mixture into an evaporated component containing a diaryl carbonate represented by 

Ar^COAr 1 

8 

o 

and a residual liquid having said catalyst dissolved therein, and recycling part or ail of the residual liquid 
containing the dissolved catalyst to the second continuous multi-stage distillation column. 

13. The process according to claim 1 or 2, characterized in that said catalyst is selected from the group con- 
sisting of a lead compound, a copper family metal compound, an alkali metal complex, a zinc complex, a 
cadmium complex, an iron family metal compound, a zirconium complex, a Lewis acid or Lewis acid- 
forming compound, an organotin compound and an inorganic oxide. 

14. Th process according to any one of claims 3 to 12, characterized in that said catalyst is sel cted from 
the group consisting of a lead compound, a copp r family metal compound, an alkali metal complex, a 
zinc complex, a cadmium compl x, an iron family metal compound, a zirconium complex, a Lewis acid or 
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L wis acid-f rming compound, an organotin compound and an in rganic oxid . 

15. The pr cess according to claim 1, 2 or 13, charact rized in that said continuous multi-stag distillation 
column is of a plate column type, a packed column type or a mixed type of plate column and packed col- 
umn. 

16. The process according to any one of claims 3 to 14, characterized in that each of said first continuous 
multi-stage distillation column and said second continuous multi-stage distillation column is, indepen- 
dently, of a plate column type, a packed column type or a mixed type of plate column and packed column. 



Patentanspruche 

1. Verfahren zur Herstellung eines aromatischen Carbonats, umfassend die Umesterung eines aus der 
Gruppe der Diaikylcarbonate, dargestellt durch 



R 1 OCOR 1 / 
II 
0 

Alkylarylcarbonate, dargestellt durch 



R 2 OCOAr 2 

H 

0 

und Gemischen davon ausgewahlten Ausgangsmaterials mit einem Reaktanten, der aus der Gruppe der 
aromatischen Hydroxyverbindungen, dargestellt durch Ar 1 OH, der Alkylarylcarbonate, dargestellt durch 

R 3 OCOAr 3 
II 

0 

und Gemischen davon ausgewahlt ist, wobei jedes von R 1 , R 2 und R 3 unabhangig fur eine Alkyigruppe 
mit 1 bis 10 Kohlenstoffatomen, eine alicyclische Gruppe mit 3 bis 10 Kohlenstoffatomen Oder eine 
Aralkylgruppe mit 6 bis 10 Kohlenstoffatomen steht und jedes von Ar 1 , Ar 2 und Ar 3 unabhangig eine aro- 
matische Gruppe mit 5 bis 30 Kohlenstoffatomen bedeutet, wobei, entsprechend dem Ausgangsmaterial 
und dem Reaktanten, ein aromatisches Carbonat Oder ein Gemisch aromatischer Carbonate gebildet 
wird, dargestellt durch 



ROCOAr und/oder ArOCOAr, 
» II 
0 O 

wobei R und Arjeweils unter R 1 , R 2 und R 3 , bzw. unter Ar 1 ,Ar 2 und Ar 3 , entsprechend dem Ausgangsma- 
terial und dem Reaktanten, gewShlt sind, und wobei als Nebenprodukt ein aliphatischer Alkohol, ein Di- 
al kylcarbonat oder ein Gemisch davon gebildet wird, entsprechend dem Ausgangsmaterial und dem Re- 
aktanten und die durch ROH und/oder 



ROCOR 
II 

0 
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dargestelltsind, wob iRwieob nd finiert ist, dadurch gekennzeichnet, da&das Ausgangsmaterial und 
derR aktant kontinuierlich in eine kontinuierliche Mehrstufen-Destillationskolonn ing leitetw rden, 
s daft zwischen diesen in Gegenwart ein s Katalysators in dieser Destiilationskolonn eine Flussigpha- 
s n- und/oder Gas-Flussigphasen-Um st rungsr aktion stattfind t, wahr nd ein Reaktionsgemisch mit 
hohem Siedepunkt, das das gebildete aromatische Carbonat oder Gemisch von aromatischen Carbona- 
ten enthalt, kontinuierlich in flussiger Form aus dem unteren Toil der Destillationskolonne abgezogen 
wird und ein Reaktionsgemisch mit niederem Siedepunkt, das das Nebenprodukt enthalt, in Gasform aus 
dem oberen Teii der Destillationskolonne durch Destination abgezogen wird, wodurch die kontinuierliche 
Herstellung des aromatischen Carbonats Oder des Gemisches von aromatischen Carbonaten ermoglicht 
wird. 

Verfahren nach Anspruch 1 , dadurch gekennzeichnet, da& der Katalysator ein in der flussigen Phase Ids- 
licher Katalysator ist und im geldsten Zustand in derf lussigen Phase innerhalb der kontinuierlichen Mehr- 
stufen-Destillationskolonne vorliegt und/oder daR der Katalysator ein fester Katalysator ist, der in dieser 
flussigen Phase im wesentlichen unldslich ist und innerhalb der kontinuierlichen Mehrstufen-Destillati- 
onskolonne in einem in der flussigen Phase nicht geldsten Zustand vorliegt. 

Verfahren nach Anspruch 1, dadurch gekennzeichnet, dad die kontinuierliche Mehrstufen-Destillations- 
kolonne als eine erste kontinuierliche Mehrstufen-Destillationskolonne verwendet wird und dad mit ihr 
eine zweite kontinuierliche Mehrstufen-Destillationskolonne verbunden ist, und dad das Ausgangsma- 
terial und der Reaktant, die kontinuierlich in die erste Mehrstufen-Destillationskolonne eingeleitet war- 
den, ein durch 

R 1 OCOR 1 
II 
0 

dargestelltes, Dialkyicarbonat bzw. eine durch Ar 1 OH dargestellte aromatische Hydroxyverbindung sind, 
wobei das aromatische Carbonat oder aromatische Carbonatgemisch, das in dem gebildeten Reaktions- 
gemisch mit hohem Siedepunkt, das kontinuierlich aus dem unteren Teil derersten Destillationskolonne 
abgezogen wird, enthalten ist, ein durch 

R 1 OC0Ar 1 
II 

0 

dargestelltes Alkylarylcarbonat ist, wobei R 1 und Ar 1 wie oben def iniert sind, und da& das Nebenprodukt, 
das in dem gebildeten Reaktionsgemisch mit niederem Siedepunkt, das kontinuierlich aus dem oberen 
Teil derersten Destillationskolonne abgezogen wird, enthalten ist, ein durch R 1 OH dargestellter alipha- 
tischer Alkohol ist, wobei das Verfahren au&erdem die kontinuierliche Zufuhrung des gebildeten Reakti- 
onsgemisches mit hohem Siedepunkt, das kontinuierlich aus dem unteren Teil der ersten Destillations- 
kolonne abgezogen wird und das das Alkylarylcarbonat, dargestellt durch 

RiOCOAr 1 , 
II 
0 

wobei R 1 und Ar wie oben def iniert sind, und einen AJkylarylcarbonat-Reaktanten enthalt, der durch 

R 3 OCOAr 3 
II 

0 

darg st lit ist, wob iR 3 gleichwi oder verschied n von R 1 ist und Ar 3 gleich wi od rverschieden von 
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Ar 1 ist, mit der MaBgab , daB R 3 und Ar 3 nicht gleichz itig di gl iche B d utung wie R 1 und Ar 1 haben, 
in di zweite kontinuierliche M hrstufen-Destillationskolonn umfaBt, urn eine Flussigphasen- und/oder 
Gas-Flussigphas n-Umesterungsreaktion zwischen diesen in Gegenwart eines Katalysators in dieser 
zweitenD stillationskolonnedurchzufuhren, wobei inR aktionsgemischmithoh m Siedepunkt, das in 
Diarylcarbonat Oder Diarylcarbonat-Gemisch, dargestellt durch 

A^OCOAr 1 , 
It 
O 



Ar 1 OCOAr 3 und/oder Ar 3 OCOAr 3 , 
II II 

o o 

wobei Ar 1 und Ar 3 wie oben def iniert sind, enthalt, und ein Reaktionsgemisch mit niederem Siedepunkt 
gebildet wird, welches ein Dialkylcarbonat-Nebenprodukt, dargestellt durch 



RiocOR 3 , RiQCOR 3 und/oder R 3 OCOR 3 , 
II II II 

0 0 o 

wobei R 1 und R 3 wie oben def iniert sind, enthaU wobei das gebildete Reaktionsgemisch mit hohem Sie- 
depunkt kontinuierlich in flussiger Form aus dem unteren Teil der zweiten Destillationskolonne abgezo- 
gen wird und das Reaktionsgemisch mit niederem Siedepunkt kontinuierlich in Gasform aus dem oberen 
Teil der zweiten Destillationskolonne durch Destination abgezogen wird. 

Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB der Katalysator ein in der flussigen Phase I6s- 
licher Katalysator ist und in geldstem Zustand in der flussigen Phase innerhalb mindestens einer der er- 
sten kontinuierlichen Mehrstufen-Destillationskolonne und der zweiten kontinuierlichen Mehrstufen-De- 
stillationskolonne vorliegt und/oder daB der Katalysator ein fester Katalysator ist, der im wesentlichen 
unloslich in der flussigen Phase ist und in mindestens einer der ersten kontinuierlichen Mehrstufen-De- 
stillationskolonne und der zweiten kontinuierlichen Mehrstufen- Destillationskolonne im in der flussigen 
Phase nicht gelosten Zustand vorliegt. 

Verfahren nach Anspruch 3 oder 4, dadurch gekennzeichnet, daB R 3 und R 1 gleich sind und daB Ar 3 ver- 
schieden von Ar 1 ist, und daB das Verfahren auBerdem die Riickf uhrung des Reaktionsgemisches mit nie- 
derem Siedepunkt, das aus dem oberen Teil der zweiten kontinuierlichen Mehrstufen-Destillationskolon- 
ne abgezogen wird und ein durch 

R 1 OCOR 3 
II 

0 



dargestelltes Dialkylcarbonat enth§lt, in die erste kontinuierliche Mehrstufen-Destillationskolonne urn- 
faBt. 

Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die kontinuierliche Mehrstufen-Destillations- 
kolonne als eine erste kontinuierliche Mehrstufen-Destillationskolonne verwendet wird und daB eine 
zweit kontinui rliche Mehrstuf n-Destillationskolonne mit ihr verbunden ist und das Ausgangsmaterial 
und der R aktant, die kontinuierlich in di erste kontinuierlich Mehrstuf n-Destillationskolonne inge- 
leitet werden, ein durch 
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R 1 OCOR 1 
II 

0 

dargestelltes Dialkylcarbonat bzw. eine durch Ar 1 OH dargestellte aromatische Hydroxyverbindung sind, 
daft das aromatische Carbonat Oder aromatische Carbonat-Gemisch, das in dem gebildeten Reaktions- 
gemisch mit hohem Siedepunkt vorliegt, welches kontinuierlich aus dem unteren Tail der ersten Destil- 
lationskolonne abgezogen wird, ein durch 

R^COAr 1 
II 
O 

dargestelltes Arylcarbonat ist, wobei R 1 und Ar 2 wie oben definiert sind, und das Nebenprodukt, das in 
dem gebildeten Reaktionsgemisch mit niederem Siedepunkt vorliegt, das kontinuierlich aus dem oberen 
Teil der ersten Destillationskolonne abgezogen wird, ein durch R 1 OH dargestellteraliphatischer Alkohol 
ist, wobei das Verfahren auRerdem das kontinuierliche Einfuhren des gebildeten Reaktionsgemisches 
mit hohem Siedepunkt, das kontinuierlich aus dem unteren Teil der ersten Destillationskolonne abgezo- 
gen wird und das durch 



R 1 OCOAr 1 , 

II 

0 

wobei R 1 und Ar 1 wie oben definiert sind, dargestellte Alkylarylcarbonat enthalt, in die zweite kontinuier- 
liche Mehrstufen-Destillationskolonne umfa&t, urn eine Flussigphasen- und/oder Gas-Flussigphasen-in- 
termolekulare Umesterungsreaktion innerhalb dergleichen Spezies zwischen Molekulen des Alkylaryl- 
carbonats in Gegenwart eines Katalysators in dieser zweiten Destillationskolonne durchzufuhren, wobei 
ein Reaktionsgemisch mit hohem Siedepunkt, welches ein Diarylcarbonat, dargestellt durch 

ArioCOAr 1 , 
II 
0 

wobeiAr 1 wie oben definiert ist, enthalt und ein Reaktionsgemisch mit niederem Siedepunkt gebildet wird, 
welches als Nebenprodukt ein Dialkylcarbonat, dargestellt durch 



R 1 OCOR 1 

II 

0 

enthalt, wobei R 1 wie oben definiert ist, wobei das gebildete Reaktionsgemisch mit hohem Siedepunkt 
kontinuierlich in flussiger Form aus dem unteren Teil der zweiten kontinuierlichen Mehrstufen-Destilla- 
tionskolonne abgezogen wird und das Reaktionsgemisch mit niederem Siedepunkt kontinuierlich in Gas- 
form aus einem oberen Teil der zweiten kontinuierlichen Mehrstufen-Destillationskolonne abgezogen 
wird. 

Verfahren nach Anspruch 6, dadurch gekennzeichnet, daft das Verfahren auBerdem die Ruckfuhrung des 
aus demob r n Teil der zweiten kontinuierlichen Mehrstufen-Destillationskolonne abg zog nen Reak- 
tionsgemisches mit niederem Si d punkt, welches das durch 
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RiOCORl 
II 

0 

dargestellte Dialkylcarbonat enthait, in die erste kontinuierliche Mehrstufen-Destillationskolonne umfaftt. 

Verfahren nach Anspruch 6 oder 7, dadurch gekennzeichnet, daft der Katalysator ein in der f lussigen Pha- 
se loslicher Katalysator ist und in mindestens einerder ersten kontinuierlichen Mehrstufen-Destillations- 
kolonne und der zweiten kontinuierlichen Mehrstufen-Destillationskolonne in geldstem Zustand in der 
f lussigen Phase vorliegt und/oder daft der Katalysator ein fester Katalysator ist, der in der f lussigen Phase 
im wesentlichen unlfislich ist und der in mindestens einer der ersten kontinuierlichen Mehrstufen-Destil- 
lationskolonne und der zweiten kontinuierlichen Mehrstufen-Destillationskolonne im in der flussigen 
Phase nicht gelosten Zustand vorliegt 

Verfahren nach Anspruch 8, dadurch gekennzeichnet, dad der Katalysator ein in der flussigen Phase los- 
licher Katalysator ist und in jeder der ersten kontinuierlichen Mehrstufen-Destillationskolonne und der 
zweiten kontinuierlichen Mehrstufen-Destillationskolonne im in der flussigen Phase gelosten Zustand 
vorliegt, wobei die in der ersten und der zweiten Destillationskolonne verwendeten jeweiligen Katalysa- 
toren gleich Oder verschieden sind. 

Verfahren nach Anspruch 6 oder 7, dadurch gekennzeichnet, dad ein Teil oder die Gesamtheit des in der 
ersten kontinuierlichen Mehrstufen-Destillationskolonne vorliegenden Katalysators im in der flussigen 
Phase gelosten Zustand vorliegt und daft bei der Zufuhrung des Reaktionsgemisches mit hohem Siede- 
punkt, das in flussiger Form aus dem unteren Teil der ersten Destillationskolonne abgezogen wird in die 
zweite kontinuierliche Mehrstufen-Destillationskolonne, das abgezogene Reaktionsgemisch mit hohem 
Siedepunkt in flussiger Form in einen ersten Verdampfer eingef uhrt wird, urn eine Trennung des Reakti- 
onsgemisches in eine verdampfte Komponente, wie das durch 

R 1 OCOAr 1 
II 

0 

dargestellte Alkylarylcarbonat enthait, und eine Ruckstandsflussigkeit, die den Katalysator gel6st enthSIt, 
zu erreichen, und daR ein Teil oder die Gesamtheit der verdampfte n Komponente der zweiten kontinu- 
ierlichen Mehrstufen-Destillationskolonne zugef uhrt wird, wahrend ein Teil oder die Gesamtheit der den 
gelosten Katalysator enthaltenden Ruckstandsflussigkeit in die erste kontinuierliche Mehrstufen-Destil- 
lationskolonne zuruckgef uhrt wird. 

Verfahren nach Anspruch 6 oder 7, dadurch gekennzeichnet, daft ein Teil oder die Gesamtheit des in der 
zweiten kontinuierlichen Mehrstufen-Destillationskolonne vorliegenden Katalysators im in der flussigen 
Phase gelosten Zustand vorliegt und daft das Verfahren aufierdem die Zufuhrung des in flussiger Form 
aus dem unteren Teil der zweiten Destillationskolonne abgezogenen Reaktionsgemisches mit hohem Sie- 
depunkt in einen zweiten Verdampfer umfaftt urn eine Trennung des Reaktionsgemisches in eine ver- 
dampfte Komponente, die ein durch 

AriocOAr 1 
II 

0 

dargestelltes Diarylcarbonat enthait, und eine Ruckstandsflussigkeit, die den Katalysator gelost enthait, 
durchzufuhr n, und di Ruckfuhrung eines Toils od rderGesamth itd r den gelost n Katalysator ent- 
hait nden Ruckstandsflussigk itindiezweit kontinuierlich Mehrstufen-D stillationskolonne umfaftt 

Verfahren nach Anspruch 10, dadurch gekennz ichnet.daft in T il oderdi Gesamtheit des in der zwei- 
ten kontinuierlichen M hrstufen-Destillationskolonne vorli g nden Katalysators im in derflussigen Pha- 
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s gelost n Zustand v rli gt und daR das V rfahren au&erd m das Zufiihr n d s in flussig r Form aus 
demunter n Teil derzweiten Destillationskolonne abgezogen nR aktionsgemisch s mit hohem Si de- 
punktinein n zweite n Verdampfer, um in TrennungdesReaktionsgemischesineineverdampfteKom- 
ponente, die ein durch 

Ar 1 OCOAr 1 
II 

0 

dargestelltes Diarylcarbonat enthalt, und eine Ruckstandsf lussigkeit, die den Katalysator gelost enthalt, 
durchzufuhren und die Ruckfuhrung eines Teils oder derGesamtheitder Ruckstandsf lussigkeit, die den 
geldsten Katalysator enthalt, in die zweite kontinuierliche Mehrstufen-Destillationskolonne umfaBt. 



13. Verfahren nach Anspruch 1 oder 2, dadurchgekennzeichnet, da&der Katalysator aus derfolgenden Grup- 
pe ausgewahlt ist: einer Bleiverbindung, einer Verbindung eines Metal Is der Kupfergruppe, einem Alkali- 
metallkomplex, einem Zinkkomplex, einem Cadmiumkomplex, einer Verbindung eines Metalls der Eisen- 
gruppe, einem Zirkoniumkomplex, einer Lewis-Saure oder einer eine Lewis-Saure bildenden Verbindung, 

20 einer Organozinnverbindung und einem anorganischen Oxid. 

14. Verfahren nach einem der Anspruche 3 bis 12, dadurchgekennzeichnet, da& der Katalysator aus folgen- 
derGruppe ausgewahlt ist einer Bleiverbindung, einer Verbindung eines Metalls der Kupfergruppe, einem 
Alkalimetallkomplex, einem Zinkkomplex, einem Cadmiumkomplex, einer Lewis-Saure oder einer eine 

25 Lewis-Saure bildenden Verbindung, einer Organozinnverbindung und einem anorganischen Oxid. 

15. Verfahren nach Anspruch 1,2 oder 13, dadurch gekennzeichnet, daR die kontinuierliche Mehrstufen-De- 
stillationskolonne dem Bodenkolonnen-Typ, dem Fullkorperkolonnen-Typ oder dem Mischtyp aus Boden- 
kolonne und Fullkorperkolonne angehort. 

30 16. Verfahren nach einem der Anspruche 3 bis 14, dadurch gekennzeichnet, daS jeweils die erste kontinu- 
ierliche Mehrstufen-Destillationskolonne und die zweite kontinuierliche Mehrstufen-Destillationskolon- 
ne unabhangig voneinander dem Bodenkolonnen-Typ, dem Fullkorperkolonnen-Typ oder dem Mischtyp 
aus einer Bodenkolonne und einer Fullkorperkolonne angehoren. 



Revendications 

1. Precede de production d'un carbonate aromatique, qui consiste a transesterifier une matiere de depart 
choisie parmi les dialcoylcarbonates repr6sentes par 

R 1 OCOR 1 # 

II 
O 

les alcoylarylcarbonates repr6sent6s par 

R 2 OCOAr 2 

II 

0 

et leurs melanges, avec un reactif choisi parmi les composes aromatiques hydroxy represents par 
Ai^OH , les alcoylaryi- carbonat s representes par 



54 



EP0 461 274 B1 



R J OCOAr 



et leurs melanges, chacun de R 1 , R 2 et R 3 representant independamment un groupe alcoyle, ayant de 1 
a 10 atomes de carbone, un groupe alicyclique ayant de 3 a 10 atomes de carbone ou un groupe aralcoyle 
ayant de 6 a 10 atomes de carbone, et chacun de Ar 1 , Ar 2 et Ar 3 representant independamment un groupe 
aromatique ayant de 5 a 30 atomes de carbone, pour produire un carbonate aromatique ou un melange 
de carbonates aromatiques correspondant a la matiere de depart et au reactif et represente par 



dans lesquelles R et Ar sont respectivement choisis parmi R 1 , R 2 et R 3 , et choisis parmi Ar 1 , Ar 2 et Ar 3 , 
en correspondance avec la matiere de depart et avec le reactif, et pour produire un alcool aliphatique, 
un dialcoylcarbonate ou leurs melanges correspondant a la matiere de depart et au reactif et represente 
par ROH et/ou 



dans lesquelles R est tel que def ini ci-dessus, en tant que sous-produit, caracterise en ce qu'il consiste 
a charger en continu la matiere de depart et le reactif dans une colonne de distillation continue a etages 
multiples pour effectuer entre eux une reaction de transesterif ication en phase liquide et/ou en phase 
gaz-liquide, en la presence d'un catalyseur dans la colonne de distillation, tout en soutirant en continu 
un melange de reaction a point d'ebullition el eve, contenant le carbonate aromatique ou le melange de 
carbonates aromatiques produit sous une forme liquide, de la partie inferieure de la colonne de distilla- 
tion, et en soutirant en continu un melange de reaction a bas point d'ebullition, contenant le sous-produit 
sous forme gazeuse, de la partie superieure de la colonne de distillation par distillation, ce qui permet 
de produire en continu le carbonate aromatique ou le melange de carbonates aromatiques. 

Precede suivant la revendication 1, caracterise en ce que le catalyseur est un catalyseur qui est soluble 
dans la phase liquide et qui est present, a I'etat dissous dans la phase liquide, dans la colonne de distil- 
lation continue a etages multiples et/ou le catalyseur est un catalyseur solide qui est sensiblement inso- 
luble dans la phase liquide et qui est mis, a I'etat non dissous dans la phase liquide, dans la colonne de 
distillation continue a etages multiples. 

Precede suivant la revendication 1 , caracterise en ce que la colonne de distillation continue a etages mul- 
tiples est utilisee comme premiere colonne de distillation continue a etages multiples et est reliee a une 
deuxieme colonne de distillation continue a etages multiples, et que la matiere de depart et le reactif, 
qui sont charges en continu a la premiere colonne de distillation continue a etages multiples, sont res- 
pectivement un dialcoylcarbonate represente par 



et un compose aromatique hydroxy represente par Ar 1 OH, le carbonate aromatique ou le melange de car- 
bonat s aromatiques cont nudansl melang reactionnel a haut point d'ebullition produit, qui est soutire 
de la parti inferi ur d la pr miere colonne de distillation, st un alcoylarylcarbonate represente par 



ROCOAr et/ou ArOCOAr, 



I 
0 



R< 




O 
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R^COAr 1 



dans laquelle R 1 et Ar 1 sont tels que def inis ci-dessus, et le sous-produit, contenu dans le melange reac- 
tionnel a bas point d'ebullition produit soutire en continu de la partie superieure de la premiere colonne 
de distillation, est un alcool aliphatique represente par R 1 OH, et le procede consiste en outre a charger 
en continu le melange reactionnel a point d'ebullition eleve produit et soutire en continu de la partie in- 
ferieure de la premiere colonne de distillation et contenant Talcoylaryle carbonate represente par 

R 1 OCOAr 1 f 

II 

O 

dans laquelle R 1 et Ar 1 sont tels que def inis ci-dessus, et un alcoylaryle carbonate servant de reactif re- 
presente par 



R 3 OCOAr 3 , 



1 



dans laquelle R 3 est identique ou different de R 1 , et Ar 3 est identique ou different de Ar 1 , sous reserve 
que R 3 et Ar 3 ne soient pas respectivement simultanement identiques a R 1 et a Ar 1 , dans la deuxieme 
colonne de distillation continue a etages multiples pour effectuer entre eux une reaction de transesteri- 
f ication en phase liquide et/ou en phase gaz-liquide en la presence d'un catalyseur dans la deuxieme co- 
lonne de distillation, de manfere a produire un melange reactionnel a haut point d'ebullition contenant un 
diarylcarbonate ou un melange de diarylcarbonates representes par 

Ar^-OCOAr 1 , Ar 1 OCOAr 3 et/ou Ar 3 OCOAr 3 , 

li II l 

O 0 o 

dans lesquelles Ar 1 et Ar 3 sont tels que def in is ci-dessus et un melange reactionnel a bas point d'ebullition 
contenant comme sous-produit un dialcoylcarbonate representes par 

R 1 OCOR 3 , 



R 1 OCOR 3 et/ou R 3 Ojj:OR 3 , 

o o 

dans lesquelles R 1 et R 3 sont tels que def inis ci-dessus, le melange reactionnel a haut point d'ebullition 
produit etant soutir6 en continu sous une forme liquide de fa partie inferieure de la deuxieme colonne de 
distillation, et le melange reactionnel a bas point d'ebullition etant soutire en continu sous forme gazeuse 
de la partie superieure de la deuxieme colonne de distillation par distillation. 

Procede suivant la revendication 3 caracterise en c qu le catalys ur est un catalyseur qui est soluble 
dans la phas liquide et est pres nt a I'etat dissous dans la phase liquid , dans au moins I'une d s pre- 
miere et deuxiem colonnes de distillation continue a etages multipl s t/ou le catalyseur est un cataly- 
seur solid qui st sensiblement insoluble dans la phase liquide et qui st mis, a I'etat non dissous dans 
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la phase liquid , dans aumoins Tune d s premier et deuxieme colonnes de distillation continu a stages 
multiples. 

5 5. Precede suivant la rev ndication 3 ou 4, caracterise en ce que R 3 est identique a R 1 , et Ar 3 est differ nt 
de Ar 1 , et le procede consiste en outre a recycler le melange react ion nel a bas point d'ebulfition soutire 
de la partie superieure de la deuxieme colonne de distillation continue a etages multiples et contenant 
un dialcoyl- carbonate represents par 



R^-OCOR 3 



a la premiere colonne de distillation continue a etages multiples. 

6. Procede suivant la revendicat ion 1 , caracterise en ce que la colonne de distillation continue a etages mul- 
tiples est utilisee comme premiere colonne de distillation continue a etages multiples et est reliee a une 
deuxieme colonne de distillation continue a etages multiples, et que la matiere de depart et le react if qui 
sont charges en continu a la premiere colonne de distillation continue a etages multiples sont respecti- 
vement un dialcoylcarbonate represente par 



R x OCOR 

l 



et un compose aromatique hydroxy represente par Ar 1 OH f le carbonate aromatique ou le melange de car- 
bonates aromatiques contenu dans le melange reactionnel a haut point d'ebullit ion produit et soutire en 
continu de la partie inferieure de la premiere colonne de distillation etant un alcoylarylcarbonate repre- 
sente par 



35 



R x OCOAr J 



II 



dans laquelle R 1 et Ar 1 sont tels que definis ci-dessus, et le sous-produit, contenu dans le melange reac- 
tionnel produit a bas point d'ebullition soutire en continu de la partie superieure de la premiere colonne 
de distillation, est un alcool aliphatique represente par R 1 OH, et le procede consiste en outre a charger 
en continu le melange reactionnel a haut point d'ebullition produit et soutire en continu de la partie infe- 
rieure de la premiere colonne de distillation et contenant Palcoylarylcarbonate represente par 



45 



R^-OCOAr 1 , 

i 



dans laquelle R 1 et Ar 1 sont tels que definis ci-dessus, dans la deuxieme colonne de distillation continue 
a etages multiples, pour effectuer une reaction de transesterification en phase iiquide et/ou en phase 
gaz-liquide intermoleculaire entre les mSmes especes, entre des molecules de I'alcoylarylcarbonate en 
la presence d'un catalyseur dans la deuxieme colonne de distillation, de maniere a produire un melange 
reactionnel a haut point d'ebullition contenant un diaryl carbon ate represente par 



55 



Ai^OCOAr 1 

II 

O 
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dans laquelle Ar 1 esttel que defini ci-dessus, tun melange reactionnel a bas point d'ebullition cont nant 
un dialcoylcarbonat a titre de sous-produit represente par 



dans laquelie R 1 esttel que def ini ci-dessus, le melange reactionnel a haut point d'ebullition produit, etant 
soutire en continu sous une forme liquide de la partie inferieure de la deuxieme colonne de distillation 
continue a etages multiples, et le melange reactionnel a bas point d'ebullition etant soutire en continu 
sous forme gazeuse de la partie superieure de la deuxieme colonne de distillation continue a etages mul- 
tiples. 

Procede suivant la revendication 6, caracterise en ce qu'M consiste en outre a recycler le melange reac- 
tionnel a bas point d'ebullition, soutire de la partie superieure de la deuxieme colonne de distillation conti- 
nue a etages multiples et contenant le dialcoylcarbonate represente par 



a la premiere colonne de distillation continue a etages multiples. 

Procede suivant la revendication 6 ou 7, caracterise en ce que le catalyseur est un catalyseur qui est so- 
luble dans la phase liquide et est present, a I'etat dissous dans la phase liquide, dans i'une au moins des 
premiere et deuxieme colonnes de distillation continue a etages multiples et/ou le catalyseur est un ca- 
talyseur solide qui est sensiblement insoluble dans la phase liquide et qui est mis, a l'6tat non dissous 
dans la phase liquide, dans I'une au moins des premiere et deuxieme colonnes de distillation continue a 
etages multiples. 

Procede suivant la revendication 8, caracterise en ce que le catalyseur est un catalyseur qui est soluble 
dans la phase liquide et qui est present a I'etat dissous dans la phase liquide dans chacune des premiere 
et deuxieme colonnes de distillation continue a etages multiples, les catalyseurs respectifs utilises dans 
la premiere et dans la deuxieme colonne de distillation etant les memes ou etant differents. 

Procede suivant la revendication 6 ou 7, caracterise en ce que tout ou partie du catalyseur utilise dans 
la premiere colonne de distillation continue a etages multiples est present a I'etat dissous dans la phase 
liquide et, lorsque Ton charge dans la deuxieme colonne de distillation continue a etages multiples le me- 
lange reactionnel a haut point d'ebullition soutir6 sous forme liquide de la partie inferieure de la premiere 
colonne de distillation, on envoie le melange reactionnel soutire a haut point d'ebullition sous forme li- 
quide a un premier evaporateur pour effectuer une separation du melange reactionnel en un constituant 
evapore contenant I'alcoylary (carbonate represente par 



et un liquide residuel ayant le catalyseur dissous en son sein, et on envoie tout ou partie du constituant 
evapore a la deuxieme colonne de distillation continue a etages multiples, tout en recyclant tout ou partie 
du liquide residuel contenant le catalyseur dissous a la premiere colonne de distillation continue a etages 
multiples. 

Procede suivant la revendication 6 ou 7, caracterise n c que tout ou parti du catalys ur utilise dans 
la deuxieme colonne de distillation continu a etages multipl s est present a I'etat dissous dans la phase 
liquid , et I procede consiste n outre a introduce le melange reactionnel a haut point d'ebullition, soutire 
sous form liquide de la partie inferieure d la deuxieme colonn de distillation, dans un deuxieme eva- 




O 



R^-OCOR 1 , 

II 



o 




o 
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porateur pour effectuer un separation du melange r6actionnel en un constituant 6vapor6 contenant un 
diarylcarbonate repr6sente par 



et un liquids residual ayant le catalyseur dissous en son sein et £ recycler tout ou partie du liquide r6siduel 
contenant le catalyseur dissous £ la deuxieme colonne de distillation continue a stages multiples. 

12. Proc6d6 suivant la revendication 10, caract6-ris6 en ce que tout ou partie du catalyseur utilise dans la 
deuxieme colonne de distillation continue £ stages multiples est present £ retat dissous dans la phase 
liquide, et le proc6d6 consiste en outre & introdu ire le melange react ionnel £ haut point d'ebull it ion, soutire 
sous forme liquide de la partie inferieure de la deuxi£me colonne de distillation, dans un deuxieme eva- 
porateur pour effectuer une separation du melange r6act ionnel en un constituant 6vapor6 contenant un 
diarylcarbonate represents par 



et en un liquide r6siduel 

ayant le catalyseur dissous en son sein, et £ recycler tout ou partie du liquide r6siduel contenant le ca- 
talyseur dissous £ la deuxi£me colonne de distillation continue £ Stages multiples. 

13. Proc6d6 suivant la revendication 1 ou 2, caract6ris6 en ce que le catalyseur est choisi par mi les composes 
de plomb, les composes metalliques de lafamiile du cuivre, les complexes de metal alcalin, les complexes 
de zinc, les complexes de cadmium, les composes metalliques de la famille du fer, les complexes de zir- 
conium, les acides de Lewis ou les composes formant des acides de Lewis, les composes organo-zinci- 
ques et les oxydes mineraux. 

1 4. Precede suivant I'une des quelconques revendicat ions 3 £ 1 2, caract6ris6 en ce que le catalyseur est choi- 
si parmi les composes de plomb, les composes metalliques de lafamiile du cuivre, les complexes de metal 
alcalin, les complexes de zinc, les complexes de cadmium, les composes metalliques de la famille du fer, 
les complexes de zirconium, les acides de Lewis ou les composes formant des acides de Lewis, les 
composes organozinciques et les oxydes mineraux. 

15. Procede suivant la revendication 1, 2 ou 3, caract6ris6 en ce que la colonne de distillation continue £ 
etages multiples est du type colonne & plateaux, du type colonne garnie ou du type mixte colonne & pla- 
teaux et colonne garnie. 

16. Procede suivant I'une des quelconques revendicat ions 3 £ 14, caract6ris6 en ce que chacune des pre- 
miere et deuxieme colonnes de distillation continue £ etages multiples est independamment du type co- 
lonne & plateaux, du type colonne garnie ou du type mixte colonne £ plateaux et colonne garnie. 



Ar 1 OCOAr 



I 

O 




o 
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FIG.6 
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